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1.0 INTRODUCTION 

Draft Zone A Combined SWMU 2 CMS Repon 
Chilrleston Naval Complex 

Section 1 -Introduction 
Revision: 0 

Combined SWMU 2 encompasses SWMUs 1 and 2 in the northeast portion of Zone A. The two 2 

units have been combined because SWMU 1 lies within the confines of SWMU 2, and because the 3 

two units will be addressed jointly during corrective measures. 4 

The Navy has contracted Environmental Detachment Charleston to excavate, remove from the site, 5 

and properly dispose of all soils containing lead in excess of 400 mg/kg per residential cleanup 6 

standards set by the USEPA. However, this Corrective Measures Study (CMS) is provided so that 7 

the planned remedy can be compared relative to other potential alternatives capable of achieving 8 

similar remedial goals. This Corrective Measures Study (CMS) identifies, screens, develops, 9 

evaluates, and compares remedial action alternatives to mitigate hazards and threats to human 10 

health and the environment from soil and groundwater contamination at Combined SWMU 2 at 11 

the Charleston Naval Complex (CNC) Charleston, South Carolina. 12 

The CMS is being performed under the Resource Conservation and Recovery Act of 1976 13 

(RCRA), based on [mdings reported in the Zone A RCRA Facility Investigation Repon, NA VBASE 14 

Charleston, Nonh Charleston, South Carolina (EnSafe, 1998). As required by RCRA, the CNC 15 

Restoration Advisory Board (RAB) provides a focus for community input to the remedial decision 16 

making process. The RAB, which regularly holds open public meetings, consists of community 17 

members, regulators, and representatives of the Navy Southern Division (SOUTHDIV) and other 18 

CNC project team members. 19 

When the CMS is complete, a Statement of Basis (SOB) that documents the CMS process and 20 

presents the preferred site alternative will be made available for public comment to ensure that 21 

decision makers are aware of public concerns. The selection of the final remedy for the site could 22 

be affected by public input. The primary CNC decision makers include SOUTHDIV, the 23 
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South Carolina Department of Health and Environmental Control (SCDHEC), the United States 

Environmental Protection Agency (USEPA). 2 

This CMS report has been organized according to the format in the Office of Solid Waste and 3 

Emergency Response (OSWER) Directive 9902.3-2A, RCRA Corrective Action Plan 4 

(Final, May 1994): 5 

• Section 1, Introduction: This section presents the purpose of this document and 6 

summarizes the project. 7 

• Section 2, Site Description: This section presents Combined SWMU 2' s history and 8 

background and the results of previous investigations, including the RCRA Facility 9 

Investigation (RFI), baseline risk assessment (BRA), interim stabilization measures (ISM) 10 

performed by the Navy Environmental Detachment (DET) , and supplemental 11 

CMS sampling. 12 

• Section 3, Remedial Objectives: This section describes the areas requiring CMS analysis 13 

and remedial action objectives. The objectives were developed using RFI characterization 14 

and assessments, and by considering applicable requirements and special requests by the 15 

CNC project team. This section also presents site remedial goals and volumes and/or areas 16 

that require remediation. 17 

• Section 4, Identification and Screening of Technologies: This section outlines response 18 

actions and identifies and screens remedial technologies that may be used to achieve 19 

remedial action objectives. 20 
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Revision: a 

• Section S, Development and Evaluation of Alternatives: This section evaluates potential 

remedial alternatives according to the nine evaluation criteria identified in OSWER 2 

Directive 9902.3-2A, RCRA Corrective Action Plan (Final, May 1994), presenting 3 

strengths and weaknesses to prioritize or rank them relative to the nine evaluation criteria. 4 

• Section 6, Recommendations: This section assesses the relative performance of the 5 

alternatives and presents recorrunendations. 6 

• Section 7, Public Involvement Plan: This section summarizes the public involvement 7 

plan as it relates to the eMS. 8 

• Section 8, References: This section list applicable references used for the preparation of 9 

and/or during the eMS. 10 

• Section 9, Signatory Requirement: This section provides the applicable signatory 11 

requirement for the eMS. 12 
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2.1 General 
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2 

Combined SWMU 2 (Figure 2.1), in the northeast corner of Zone A, includes SWMUs 1 and 2. 3 

SWMU 1 was used by the Defense Reutilization and Marketing Office (DRMO) to store military 4 

property and was confined primarily to former Building 1617. This covered storage shed was 5 

used to store hazardous materials prior to their transportation offsite for disposal or reuse. 6 

SWMU 2 encompasses SWMU 1 and includes Buildings 1606 and 1649; the area around the rail 7 

switch, north and northeast of Building 1640; the former DRMO salvage bin No.3; and the 8 

adjacent paved ground surface. The area was used to store recovered lead from lead-acid 9 

submarine batteries from the mid-1960s until 1984. Electrodes and associated internal metallic 10 

components were removed from the battery jars in the battery electrode treatment area, SWMU 5 II 

in Zone E, and then placed on a railcar and transferred to the DRMO area for storage and eventual 12 

sale to a salvage contractor. 13 

The majority of Combined SWMU 2 consists of open space that is not presently in use. A movie 14 

company has a short-term lease on Building 1606. Building 1649 within Combined SWMU 2, as 15 

well as Buildings 1627 and 1640 adjacent to SWMU 2, are unoccupied. Carolina Marine 16 

Handling occupies Buildings 1604, 1605, and 1607 and the surrounding parking and open storage 17 

areas adjacent to the northwest portion of Combined SWMU 2. 18 

According to the Charleston Naval Complex Redevelopment Authority, this area may be used for 19 

industrial or residential purposes in the future. 20 
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2.2.1 Soil 2 

1986 Sampling Event 3 

Soil samples were collected from the DRMO site in 1986. Because Hurricane Hugo struck the 4 

Charleston area in 1989 and could have altered site conditions, the 1986 data were compared to 5 

1993 data. Data from the 1993 investigation and the 1995 RFI showed that the 1986 data no 6 

longer reflected current site conditions. Therefore, the data from this 1986 sampling event will 7 

not be considered during the CMS. 8 

1993 Sampling Event 9 

Twenty-four upper-interval soil samples and 22 lower-interval soil samples were collected from 10 

25 soil borings to investigate soil contamination near this Combined SWMU. This investigation II 

was conducted by EnSafel Allen & Hoshall (EI A&H) and the data are of sufficient quality to be 12 

included in the CMS process. 13 

1995-1997 Sampling Event 14 

Zone A second round sampling included 41 upper-interval soil samples and 35 lower-interval soil 15 

samples collected from Combined SWMU 2. Sixteen soil boring samples were delayed until 1997 16 

to accommodate Charleston Naval Shipyard (CNSY) Radiological Control Office radiological 17 

surveys in the area. Three sediment samples were also collected for metals analysis from the 18 

wetland southwest of Combined SWMU 2 during this sampling round. Because this wetland area 19 

dried out after a leaking underground water line was repaired, these samples have been reported 20 

with the soil sample results. 21 
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At the request of the Navy, the DET collected additional samples to further delineate lead in 2 

surface soil. 

1986-1998 Soil Sampling Summary 4 

Extensive surface soil samples collected from Combined SWMU 2 from 1986 to the present 5 

defined an extensive area of lead contamination in surface soil. Aluminum, antimony, 6 

Aroclor-1260, arsenic, BEQs, copper, and thallium were also identified as chemicals of concern 7 

(COCs) in surface soil. Table 2.1 combines and summarizes sampling results from the 1993, 

1995, and 1998 sampling events for all the COCs except lead. Figures 2.2 and 2.3 illustrate lead 9 

sampling results. 10 

Lead concentrations in surface soil from the 1993, 1995, and 1998 sampling events were 11 

combined. Figure 2.2 shows concentrations for upper-interval samples; and Figure 2.3 shows 12 

lower-interval samples. At large areas of the site, lead exceeds regulatory standards 13 

(400 milligrams/kilograms [mg/kg] for residential reuse; 1,300 mg/kg for industrial reuse) and 14 

is the primary COC at this site based on USEPA blood-level modeling. 15 

In general, grid samples collected by the DET appear to correlate with RFI sampling results. 16 

However, lead samples collected in the southwest area of the site near the former intermittent 17 

wetland varied significantly between the 1998 DET event and previous events. Five sediment 18 

samples collected from tllis intermittent wetland area during the 1995 RFI contained lead from i 9 

441 to 1,500 mg/kg. Of 60 samples collected by the DET in 1998, the maximum concentration 20 

was 120 mg/kg. Only one physical change is known to have occurred in site conditions. The area 21 

was saturated during 1995 sampling due to an underground water line leak, and the area was dry 22 

during 1998 due to repairs done on the leaking line. 23 
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Table 2.1 
Surface Soil Data for COCs AT SWMU 2 

Aluminum Arsenic Antimony Copper BEQs Aroclor - 1260 Thallium 
Sample Number (Type) Date (mg/kg) (mg/kg) (mg/kg) (mg/kg) (j.lg/kg) (j.lg/kg) (mg/kg) 

Risk Based 
Screening Level 78000 0.43 31 3100 NC 320 5.5 

Background 12800 9.44 NO 165 590' NA NO 

0015000101 I£FOct-95 l'73Q . ().~ U 12 UJ 21 NO 14 U O.88U 

002MOOO101 (sed) 11-0CI-95 13400 4.4 13 U 7 NS NS 0.99 U 

002M000201 (sed) 1l-Oct-95 14700 1.8 16U 45 NS NS 1.2 U 

002M000301 (sed) 29-Mar-96 11300 19.6 12 J 125 NS NS l.lU 

OOZM000401 (sed) m-Mat-% :3000 tS.3 7J U)3 91 SOO 1.21 

002M000501 (sed) 29-Mar-96 27000 9.0 2J 100 NS NS 1.6 U 

0028000101 1O·Oct·95 9190 9.9 IZU 54 NS NS O.98U 

002SBOO 10 1 (dup) 1O-0cl-95 7260 12.7 13 UJ 80 NS NS 0.98 U 

002S000Wl to'OCf-95. 54QO 3.3 l2lJ 8 NS NS 0.94 U 

002SB00201 (dup) 1O-0cl-95 6810 3.7 12 UJ 8 NS NS 0.95 U 

. OOzSSOO3lH. JO-0&-95 ·14000 8.5 13 U1 4J NS NS lU 

002SB00401 1O-0cl-95 llOOO 8.5 12 UJ 19 NS NS 0.92 U 
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Table 2.1 
Surface Soil Data for COCs AT SWMU 2 

Aluminum Arsenic Antimony Copper BEQs Aroclor - 1260 Thallium 
Sample Number (Type) Date (mg/kg) (mg/kg) (mg/kg) (mg/kg) (Jig/kg) {Jig/k:!:l (mg/kg) 

Risk Based 
-,Screening Level 78000 0.43 31 3100 NC 320 5.5 

JBackground 12800 9.44 ND 165 590' NA NO 
'. 

~mSBOO50i lO-Oct-9S '. loillO .. :S.8 12.UJ 9 NS NS O.9U 

002SBOO60 I 1O-0el-95 17400 15.4 13 UJ 27 NS NS l.lU 
, 

OOZsBOO70i {dup) IO-Oct-95 4490 4.6 IOU 18;1 NS NS O.82U 

002SBOO70 I 1O-0cl-95 5870 3.9 IOUJ 126 NS NS 0.82 V 

0025OOO8Oi '. lO-O<:I-~IS 10000, 3.5 i:i OJ 6J NS N5 O.§3U 

002SBOO901 1O-0el-95 5630 9.5 18 J 108 NS NS 0.97 U 

(m$OOlllOf to.0Ct-95 • '9290 2.1 12UJ 14 NS NS ·.M~u 

002SBOl101 1O-0el-95 12800 9.3 12 VJ 14 NS NS 0.93 V 
.. 

O()1S001iol .... . 0.86U1 10-O<:t·$IS . . H600,· .' .. 5.6 11 UJ . 9 NS NS 

002SBOl301 (dup) 1O-0el-95 11100 6.1 IIV 11 NS NS 0.88 V 

0028001301 10-Oct-~15 107m S.O IIUi 14 N8 NS O.B6U 

002S801401 1O-0el-95 9330 2.6 13 UJ 15 NS NS 0.99 V 
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Table 2.1 
Surface Soil Data for cacs AT SWMU 2 

Aluminum Arsenic Antimony Copper BEQs Aroclor - 1260 Thallium 
Sample Number (Type) Date (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ug/kg) (ug/kg) (mg/kg) 

Risk Based 
Screening Level 78000 0.43 31 3100 NC 320 5.5 

Background 12800 9.44 ND 165 590' NA ND 

(J015BOl50 I 10-0l;t-95 3240 .. 14.5 131 101 NS NS 10 

002SB01601 (dup) 30-Jan-97 6450 3.6 U 1 U 27 J NS NS 1.5 

oo2SOOI601 30-1an-91 Sl90 6.2 3U 901 NS NS 2.S 

002SBO 170 1 30-Jan-97 2860 2.1 U 2U 3 NS NS 0.41 U 

002SB0180t 30-Jan-91 81£0 7.1 1v 2J NS NS 2.3 

002SBO 190 1 1O-0cl-95 10100 7.1 llUJ 4J NS NS 0.89 U 

0015B02001 29490·97 7380 S.6 54 120 NS NS (}.6 J 

002SB02 10 1 (dup) 29-Jan-97 7000 4.5 7 23 NS NS 0.39 U 

002SB02l01·· 29-190-97 5920 3.8 51 19 NS NS M9J 

002SB0220 1 28-Jan-97 7050 3.5 8 33 NS NS 0.38 U 

(J()1SBOz30 I lO-act-9S 5780 29.4 12 UJ 7{l NS Ns O.92U 

002SB0240 1 1O-0cl-95 13300 7.7 12 UJ 7 NS NS 0.94 U 
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Table 2.1 
Surface Soil Data for CDCs AT SWMU 2 

Alumiuum Arseuic Autimony Copper BEQs Aroclor - 1260 Thallium 
Sample Number (Type) Date (mg/kg) (mg/kg) (mg/kg) (mg/kg) ~g/kg) (Jig/kg) (mg/kg) 

Risk Based 
JScreening Level 78000 0.43 31 3100 NC 320 5.5 

lllackground 12800 9.44 ND 165 590' NA ND 
. ';. 

(JOOSBoi5m 1I)'iXt-9$ 12iIJ" . . 5.9 II UJ 6 NS NS oJnV 
002SB02601 1O-0cl-95 8140 11.0 12 VJ 23 NS NS 0.92 V 

002SB0270 1 1O-Octc95 1280· .2.5 11 UJ 5J NS NS O.S5U 

002SB02801 09-0cl-95 40100 21.5 56 V 174 NS NS 4.4 V 

l102SBOWO t . 09·O<:t_~I$ 12100' .' B.6 28U 130 NS NS ···2.1U 

()()2SB0300 1 29·Mar-96 4360 2.4 OUJ 6 NS NS 0.39 V 

(102Si3(}j HH 3o.JiIn.97 8540 j.O't1 QU .. 2J NS NS .. Lti 

002SB03301 28-Jan-97 5830 8.3 11 12 NS NS 0.49 J 

{J()2SB0340t . . 28-Jan-97 '. >4120 ·· .... :.:-·:· .. i;7. 3J 55 NS NS O.4U 

002SB03501 29-Jan-97 5060 0.9 J 3J 3 NS NS 0.41 V 

(I02SB0360 I 29-Janc97 7540 Vl. 470 549 NS NS 0.42 U 

002SB03701 29-Jan-97 6270 21.5 2J 475 NS NS 0.5 V 
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Table 2.1 
Surface Soil Data for COCs AT SWMU 2 

Aluminum Arsenic Antimony Copper BEQs Arodor - 1260 Thallium 
Sample Number (Type) Date (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ug/kg) (ug/kg) (mg/kg) 

Risk Based 
Screening Level 78000 0.43 31 3100 NC 320 5.5 

Background 12800 9.44 ND 165 590' NA ND 

QlnSOO38G1 {dup) • 29-iiltl-97 ' ' 7360 ~.4 41' 49J NS NS 0.481 

002SB03801 29-Jan-97 6320 7.5 3 J 25 J NS NS OAIU 

002$003901 Zg-Jan-97 10700 9.2 3J 16 NS NS 15 

002SB04001 29-Jan-97 8300 3.3 OJ I J NS NS 004 U 

002sl30410 I 
, 

,W·Jart:.91 ,1500 6.i OJ 11 !is !is 0.38U 

SOISBOOIOI 06-0cl-93 2500 I.IUJ 6UJ 3UJ NS NS I.IUJ 

SOtSBoo2()1 21·()a·93 " '1630 '·M 18 J 443J ' 148 39U L2U 

S02MOOOlOi (sed) 25-0cl-93 9100 17.0 J IOJ 230 NS NS 1.2 U 

. $ll2MOOO2OI· (!led) ~-93 .4600 6,41 6UJ 290 NS NS 1.2 UI 

S02MOOO301 (sed) 25-0cl-93 6600 18.0 J 7UJ 92 NS NS 1.5 UJ 

soZMO(Xl41Jl (sed) is-Oct-93, ,1400 5.51 SUI 29 NS NS 1.6U 

S02MOOO501 (sed) 25-0cl-93 2600 5.1 J 7UJ 3U NS NS 1.3 UJ 
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Aluminum 
Sample Nnmber (Type) Date (mg/kg) 

Risk Based 
Screening Level 78000 

Background 12800 

S02M~!··· (~. "·2s~O«~9f <1900 .. .:." 

S02MOOO701 (sed) 25-0cl-93 1300 

S02MOOO8Or. . (slid) 25-Oct-93 500 

S02MOOO901 (sed) 25-0cl-93 620 

S02MOOl001 (sed) 25-Oct-93 1400 

S02MoollOI (sed) 25-OcI-93 4600 

smsBooror .... .0$;&:-93 . 4300.·· 

S02SB00201 06-0cl-93 6100 
... . . 

sOiSJQo301 . ·OO-Oct-93 >$600 

S02SB00501 07-0cl-93 5400 

.. smSBboroI •.. ....... {dUjJj . 06-Oct-93 . .··5780j •.. 

S02SB00601 06-0cl-93 8200 

Table 2.1 
Surface Soil Data for COCs AT SWMU 2 

Arsenic Antimony Copper 
(mg/kg) (mg/kg) (mg/kg) 

0.43 31 3100 

9.44 NO 165 

;Z;OJ .. 7.1:ri 14 

1.3 UJ 6UJ 4 

f.3UJ 7UJ 3 

1.2 UJ 6UJ 6 

t,'iUJ lUI. 4 

4.7 J 13UJ 22 

·7.151 6.ui 441 

3.2 6 UJ 10 

..is· ... SUI 7 

2.1 6UJ 20 

23.5J ·6.fJI 19 

3.9 6UJ 13 
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BEQs 
(Jig/kg) 

NC 

590' 

NS 

NS 

• NS 

NS 

NS 

NS 

!liS 

NS 

NS 

NS 

NS 

NS 
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Revision: 0 

Aroclor - 1260 Thallium 
(Jig/kg) (mg/kg) 

320 5.5 

NA NO 

NS UUI· 

NS I.3U 

NS .. ·L3U 

NS 1.2 U 

NS ·l.4U 

NS 2.5 U 

. NS ·L:Wi· 

NS 5.8 UJ 

NS UU! 

NS LlUJ 

NS t.2 til 

NS I.2UJ 
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Table 2.1 
Surrace Soil Data ror COCs AT SWMU 2 

Aluminum Arsenic Antimony Copper BEQs Aroclor - 1260 Thallium 
Sample Number (Type) Date (mg/kg) (mg/kg) (mg/kg) (mg/kg) ljig/kg) (ug/kl:l (mg/kg) 

Risk Based 
Screening Level 78000 0.43 31 3100 NC 320 5.5 

lIackground 12800 9.44 ND 165 590' NA ND 

~~S.!l00701 . 
. .. 

.. 06-00-9.3 . . $700 ...... . .. 'U 6Ur 75 NS N" .' t.I Ul 

S02SB0080 1 06-0cl-93 3000 8.4 6UJ 12 NS NS 5.9 UJ 

502SJ300901 ·.06-Oct-93 2700 12.0 llJ 52 NS NS I.J UI 

S02SBOl 00 1 06·0cl-93 8300 12.0 6UJ 17 NS NS 1.2 UJ 

·sd2SlJ{} ilOi 06-6<:1~9f . 44lXJ ... 21M). 4()J 140 NS NS 1.3 UJ 

S02SB01201 07-0cI·93 5400 3.6 6UJ 34 NS NS l.lUJ 

S~S:B!)13(ji ... ....• . 01 ;t>ct-9;) . 18()O 
.. 

~\2J. 6Ul I!} NS NS .5,5U· 

S02SB01401 07-0cl-93 3700 2.2 J 6UJ 9 NS NS 1.2 U 

. s(UsooiSOt· • .. 2$"()W9:~ .. 3SOO ....... .. ··:·.6.9J 9j 180 NS NS !.l uI 
S02SBOI601 (dup) 26-0cl-93 3790 2.7 5UJ 485 J NS NS I.J UJ 

S02S}flnOOl .. . 2i5.~9:1 4500 . .2.SJ 23 J 1500 NS NS LI ui 

S02S801701 26-0cl-93 7500 2.3 J 6UJ 9 NS NS 1.8 U 
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Table 2.1 
Surface Soil Data for CDCs AT SWMU 2 

= 

Sample Number (Type) Date 

Risk Based 
Screening Level 

,jllackground 

:MSWi80i 

S02SBOI901 

SmSi30Z001 

S02SB02101 
" 

IlO2S);!(}22Q1. 

S02SB02301 

Notes: 
NA 
ND 
NC 
NS 
J 
V 

. . 16'()ctc93 . 

26·0ct·93 

26·Qctc93 

26·0ct·93 

. ... '. '. 26-OCt·~13 

26·0ct·93 

Not Applicable 
Not Detected 
Not Calculated 
Sample Not Analyzed 
Estimated VaJue 
Vndetected 

Aluminum Arsenic 
(mg/kg) (mg/kg) 

78000 0.43 

12800 9.44 

1500 .. , .'. ··.2Q.O) 

6500 1.3 V 

3400 4. t 

1300 9.9 

3000 4:6 

2800 1.0 V 

a 
sed 
dup 

Proposed background for benzo(a)pyrene equivalents (BEQ) 
Sediment sample 
Duplicate sample 

Antimony Copper 
(mg/kg) (mg/kg) 

31 3100 

ND 165 

81 100 
5 VJ 3 

6tJJ 7 

6UJ 20 

. 5 tJj 11 

5UJ 3V 
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BEQs 
v<g/kg) 

NC 

590' 

NS 

NS 

NS 

NS 

NS 

NS 
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Aroclor .. 1260 Thallium 
v<g/kg) (mglkg) 

320 5.5 

NA ND 

NS l.IlJ . 

NS l.1U 

NS 5.8.U 

NS 1.2 UJ 

NS Ll U 

NS IUJ 
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Aluminum and copper exceeded their background reference concentrations in only 

one lower-interval sample each (S02SB01602 and 002SB03702, respectively), but neither sample 2 

exceeded a regulatory risk or hazard value requiring remedial action. 3 

Antimony exceeded its risk-based concentration (RBC) in three upper-interval sample boring 4 

locations - S02SBOll, 002SB020, and 002SB036. Antimony exceeded its soil screening level 5 

(SSL) in two lower-interval soil samples - 002SB013 and 002SB036. 6 

Arsenic was detected in 18 upper-interval and two lower-interval soil samples at concentrations 7 

exceeding its RBC (0.43 mg/kg) and its background reference concentration (9.4 mg/kg). 8 

Figure 2.4 shows all upper-interval soil data for arsenic at this site. When compared to the lead 9 

distribution figures, arsenic exceeds its background concentration in many areas outside lead 10 

contamination zones; however, most arsenic contamination appears to be concentrated in II 

lead-contaminated areas. 12 

Aroclor-1260 and Benzo(a)pyrene Equivalents (BEQs) exceeded their residential RBCs in 13 

three of five samples collected and analyzed for pesticides, polychlorinated biphenyls (PCBs), and 14 

semivolatile organic compounds (SVOCs) at Combined SWMU 2. However, the detections were 15 

estimated values less than the laboratory quantitation limit. 16 

Mercury exceeded its SSL (1.0 mg/kg) in only four of 134 upper-and lower- interval soil samples 17 

at Combined SWMU 2. Three of these sample points (S02SBOll, -021, and -020) will be 18 

removed as part of DET lead removal activities. The only point not scheduled for removal is 19 

S02SB022 (1.3 mg/kg). Because this point is isolated among many other points where mercury 20 

was either present below 1.0 mg/kg or not detected at all, and because mercury was not detected 21 

in groundwater at this site, mercury in soil does not appear to be a threat to groundwater at this 22 

site. Therefore, mercury will not be further addressed in this CMS. 23 
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Thallium (Figure 2.5) was detected only in samples collected during the 1997 sampling event. 

Of 16 upper-interval samples, nine contained thallium ranging from 0.5 to 2.3 mg/kg - some 2 

exceeded the minimum surface soil 0.1 residential hazard level of 0.58 mg/kg. Seven of 14 3 

lower-interval samples, ranging from 0.4 to 3.3 mg/kg, exceeded the groundwater protection SSL 4 

of 0.35 mg/kg. 5 

2.2.2 Groundwater 6 

Six shallow monitoring wells were installed in 1993 to investigate groundwater contamination near 7 

the Combined SWMU. One well (002GW005) was destroyed in 1997 and replaced in 1998 8 

(002GW007). Another well (002GW008) was installed in 1998 to assess groundwater quality east 9 

of former well 002GW005. Table 2.2 summarizes groundwater data for RFI groundwater COCs. 10 

During RFI sampling, arsenic, lead, manganese, and silver exceeded tap-water RBCs in shallow II 

groundwater; however, these COCs appeared inconsistently through five rounds of sampling 12 

and/or were not present site wide. In four rounds of RFI sampling beginning in 1995, arsenic 13 

never exceeded its Maximum Contaminant Level (MCL) and exceeded its reference concentration 14 

(RC) in only one well during only one sampling round. Lead has no MCL but was detected in one 15 

well (002GW005) at concentrations exceeding the USEPA Treatment Technique Action Level 16 

(TTAL) of 15 I-lg/L. Manganese exceeded both the RC and the RBC in one well (002GW002). 17 

Silver exceeded its MCL in one well in only one sampling event. 18 

During 1998 CMS sampling, wells 002GW002, -003, -004, -007, and -008 were sampled to 19 

further assess trends in manganese and lead concentrations (Figures 2.6 and 2.7). Wells 20 

002GW003, -004, -007, and -008 did not contain any metals above background, regulatory, or 21 

risk -based concentrations requiring action. Well 002GW002 contained manganese above the RBC. 22 

2·17 
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Table 2.2 
Groundwater Data for COCs at SWMU 2 

Manganese Silver Arsenic Lead 
Sample Number Date 0,LgfL) 0,Lg/L) (ug/L) 0,LgfL) 

MCL NA NA 50 15 (!TAL) 

Risk Based Screening Level 730 180 0.045 NA 

Background 577 ND 7.4 4.7 

002GWOOHlI 15-Nov-93 51 IOU Il1U SU 

002GWOOI02 22-Apr-96 496 7U 2U 2U 

0020WOO103 2O-Jun..96 . .1990 6U 2U 2v 

002GWOO 1 04 07-0ct-96 219 1 U 2U lU 

002GWOOWI 1S-NoV-93· :mOJ lOU ·10UJ . StU 

002H00020 I IS-Nov-93 3300 J IOU IOUJ SUJ 

0020Woo202- Z3-Apr-96 ~mo 7U 2U 2-U 

002GWOO203 19-Jun-96 3000 6U 2U 3 J 

002GWOO204 04"()ct-% .. 3410 lU ;>;0 lU 

002GWOO2C 1 IS-0ct-98 24S0 J S 1 U I U 

002GWOO301 ·16u 
.... : .... 

1S-Nov-93· 320 IOU 5u 

002GWOO302 22-Apr-96 291 7U 2U 2U 

OO2OW00303 19-11,tn'96 307 6U· ·2U '2tl 

002GWOO304 04-0ct-96 294 IU 2J 2U 

002GWOO3Cl lS..()ct·98 281)1 5U 41" .oj 

002G W0040 I IS-Nov-93 ISO 10 U IOU SU 

002GW00402 23-Apr-96 . 119 7U .7V .' 2U 

002GW00403 19-Jun-96 168 6U 5 J 2U 

OO2GWOO404 04-Oct'96 241 40 ·101 . tv 
002GWOO4C I IS-Oct-98 128 J SU 7J 1 U 
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Table 2.2 
Groundwater Data for COCs at SWMU 2 

Manganese 
Sample Number Date (;iglL) 

MeL NA 

Risk Based Screening Level 730 

Background 577 

002GWOOSOl 15-Nov-93· .510 

002HOOO501 15-Nov-93 279 J 

OOiOWQ0502 23-Apt-96 28U 

002GWOO503 20-Jun-96 28 U 

002GWOO601 15-Ncv·93 160 

002GWOO602 23-Apr-96 29 U 

002GWOO6O~ 20·}\lll-96 . Z!i U 

002GWOO604 07-0ct-96 27 

002GWOO7Cl .19.{)ct~98 • 
. 
I~O 

002GWOO8CI 19-0ct-98 536 

Notes: 
MeL 
NA 
ND 

Maximum Contaminant Level 
Not Applicable 

J 
U 
TTAL 

Not Detected 
Estimated Value 
Undetected 
Treatment Technique Action Level 

Silver Arsenic 
(;iglL) (;ig/L) 

NA 50 

180 0.045 

NO 7.4 

IOU ... :89 

IOU 30 

1U 2U·.· 

6U 2U 

lOU IOU· 

7U 2U 

6U 2U 

IU 2U 

5U 51 • 

5U 1 J 

2-22 

Lead 
(;ig/L) 

15 (TfAL) 

NA 

4.7 

·.9UH 

368 

. 19 

2U 

SU 

2J 

2U 

1U 

·12 

1U 
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Lead in groundwater near well 002GW005 appears to be isolated in that area and may be linked 

to very high lead concentrations in the surrounding soil. Concentrations decreased dramatically 2 

following well redevelopment in 1996, and 1993 levels may have been caused by previously poor 3 

well development or suspended solids in water samples induced by sampling methods. This well 4 

has since been damaged and abandoned, but it was located near the area of highest lead soil 

concentrations. The suspected soil source of this past groundwater contamination will be 6 

addressed \:vit..t,. corrective measures. Lead did not exceed its Zone A. background concentration 7 

(4.7/i-g/L) in any of the other five Combined SWMU 2 wells. 8 

2.2.3 Sediment 9 

1993 Sampling Event 10 

Eleven sediment samples, seven from the Cooper River and four from the nearby storm sewer II 

system, were collected in 1993 to investigate sediment contamination near this Combined SWMU. 12 

These samples were submitted for metals and cyanide analyses. Lead concentrations ranged from 13 

4.0 to 47.0 mg/kg for the Cooper River samples and from 88.0 to 1000.0 mg/kg for the storm 14 

sewer samples. 15 

1995 Sampling Event 16 

The Final Zones A and B RFI Work Plan (E/A&H 1995) proposed collection of two sediment 17 

samples from the Cooper River for metals analyses as "duplicates" of the 1993 sampling event. 18 

These samples were analyzed for metals and organotins. Lead concentrations for these 19 

two sampies were 15.0 mg/kg and 26.0 mg/kg. 20 

During Zone A second round sampling of the intermittent wetland southwest of Combined 21 

SWMU 2, three sediment samples were collected for metals analysis. This wetland area dried out 22 

after a leaking underground water line was repaired. These samples are now considered soil 23 

samples because the wetland no longer contains surface water. 24 
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2.2.4 Surface Water 
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No surface water concerns were identified during the RFA or subsequent investigations of this 2 

site. Therefore, surface water at Combined SWMU 2 was not sampled. 3 

2.3 Interim Stabilization Measures 4 

The DET collected additional soil samples in 1998 to further delineate the area of 5 

lead-contaminated soil at Combined SWMU 2 likely to require remedial action under either 6 

residential or industrial reuse (400 parts per million [ppm] or 1,300 ppm lead). No other interim 7 

measures have been taken. However, the DET is planning remove all SWMU 2 soils containing 8 

greater than 400 ppm lead. 9 

2.4 Ecological Subzone A-I 10 

The Zone A RFI conditional approval letter required that concerns at ecological subzone A-I 11 

(AEC-I-l) be further addressed in the CMS. AEC-l-l is located in the southwest corner of 12 

SWMU 2 in an area formerly kept moist by a nearby leaky water pipe. The leaks have reportedly 13 

since been repaired, and AEC-l-l is now similar to other non-wetland, non-mowed grassy areas 14 

found at the complex. Parts of this area will also be excavated as part of DET lead cleanup 15 

activities. Therefore, this area no longer appears to be causing a potential threat to ecological 16 

receptors and will not be further addressed in this CMS. 17 
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3.0 REMEDIAL OBJECTIVES 

Draft Zone A Combined SWMU 2 CMS Repon 
Charleston Naval Complex 

Section 3 - Remedial Objectives 
Revision.~ 0 

To improve the focus of this CMS, this section summarizes the remedial objectives for soil and 2 

groundwater contamination at this site. In some cases, remedial objectives presented in the RFI 

have been modified due to superceding information such as background concentrations or 4 

achievable laboratory instrument detection capabilities. In other cases, this section justifies 5 

removing COCs identified in the RFI based on a lack of significant risk or hazard. 6 

3.1 Soil Remedial Objectives 7 

Lead is the primary COC at this site. However, aluminum, antimony, Aroclor-1260, arsenic, 

BEQs, copper, and thallium also require mention in this CMS because at least one soil sample 9 

collected during the RFI exceeded a project team criteria. In some cases, these criteria were not 10 

the exceedance of a regulatory or risk-based concentration, but rather an exceedance of II 

background concentrations or other subjective target. 12 

Lead exceeded residential and industrial cleanup goals of 400 and 1,300 mg/kg over an extensive 13 

area of the site. These remedial objectives are based on USEPA blood-level modeling and have 14 

been accepted by the project team. 15 

Aluminum and copper were originally included in the CMS process because one of 16 

57 lower-interval soil samples contained these compounds at concentrations exceeding their 17 

background reference concentrations (RC). However, neither exceeded its lower-interval 18 

residential risk and hazard-based soil screening concentrations (P~C). t,.1oreover, because 19 

background concentrations represent a 95 % confidence interval, 5 % of samples collected at 20 

random would be expected to exceed the background concentration. Therefore, remedial 21 

objectives are not needed for either compound and they will not be further addressed in this CMS. 22 
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Arsenic was detected in 18 upper-interval and two lower-interval soil samples at concentrations 

exceeding its RBC (0.43 mg/kg) and its background reference concentration (9.44 mg/kg). 2 

However, several factors influence arsenic remedial objectives at this site: J 

• Arsenic has a background reference concentration of9.44 mg/kg. This value corresponds 4 

to a residential hazard quotient of approximately 0.4, a residential risk of 2. SE-OS, an 

industrial hazard quotient below 0.1, and an industrial risk of 3. 6E-06. This CMS will not 6 

evaluate alternatives to achieve concentrations below background. 7 

• Arsenic remedial goal options (RGOs) presented in the RFI are more conservative under 8 

risk-based than hazard-based scenarios. Therefore, the arsenic RGOs will be evaluated 9 

only for risk -based scenarios. 10 

• The DET is scheduled to remove much of the arsenic contaminated soils where they 11 

coincide with lead contamination in excess of 400 mg/kg. This activity will reduce site 12 

risk due to arsenic to 2.3E-OS residential which is below the calculated Zone A inorganic 13 

background risk due to arsenic (4. IE-OS residential). 14 

Antimony exceeded its RBC in four sample boring locations - S02SB011, and 002SB-013, -020, 15 

and -036. Boring locations -011, -020 and -036 coincide with areas where lead exceeded industrial 16 

cleanup concentrations (1,300 mg/kg) and will be indirectly addressed as part of lead cleanup 17 

activities. Sruliplc poin.t -013 lies outside tb.e area of lead conta..lllinatioTI. A lower-interval Sfunple 18 

(12.7 mg/kg) from this point exceeded the antimony residential groundwater protection SSL of 19 

2.7 mg/kg. However, antimony will not be directly addressed as part of this CMS for the 20 

following reasons: 21 
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• All surface soil samples containing antimony contamination exceeding its surface 

soil 0.1 residential hazard RGO of 2.9 mg/kg are within the area where lead contamination 2 

exceeded 1,300 mg/kg. Therefore, antimony surface soil contamination in these areas will 3 

be indirectly addressed as part of the larger lead plume. 4 

• Because antimony was not detected in any groundwater samples collected at 5 

Combined SWMU 2, site-specific data indicate that the subsurface soil groundwater 6 

protection SSL of2.7 mg/kg may be overly conservative. This SSL was based on several 7 

conservative assumptions that support this possibility, one being large areal coverage at 8 

that specific concentration. Antimony exceeded the SSL in sample point 002SBO 13; 9 

however, antimony was not detected in nearby sample location 002SB026. This indicates 10 

that antimony in 002SB013 is not part of some larger mass of antimony-containing soil and 11 

therefore does not indicate a significant threat to groundwater. 12 

Aroclor-1260 and BEQs exceeded their residential RBCs in three of five samples collected and 13 

analyzed for pesticides, PCBs, and SVOCs at Combined SWMU 2. Lead concentrations near the 14 

BEQ exceedance in the southeast part of the site (OO2M000401) sample also exceeded residential 15 

cleanup criteria; therefore, this contamination will be addressed in conjunction with lead cleanup 16 

activities. The other two BEQ hits were estimated values below the laboratory quantitation limit 17 

and do not appear to be representative of a spill or other acute BEQ release. 18 

Thaiiiwn exceeded its groundwater protection SSL (0.35 mg/kg) in seven of 60 lower -interval soii 19 

samples (range 0.4 to 3.3 mg/kg, mean 1.2 mg/kg) and exceeded the minimum 0.1 residential 20 

hazard concentration of 0.58 mg/kg in 10 of 89 surface soil samples (range 0.5 to 2.8 mg/kg, 21 

mean 1.3 mg/kg). However, thallium will not be addressed as part of this CMS for the following 22 

reasons: 23 
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• A remedial goal of 0.58 mg/kg thallium in lower-interval soil may not be feasible due to 2 

achievable laboratory sample quantitation limits (SQLs). Thallium SQLs for lower-interval J 

soil samples in Zone A averaged 1.0 mg/kg, with a standard deviation of ±0.8. 4 

• Five of the ten 1997 lower-interval detections were estimated values detected below the 

SQL. These detections are from soil samples nested within areas that previously had 6 

no thallium detections. 7 

• Four of the detections exceeding the mean SQL were within 2 standard deviations 8 

(the 95 % Upper Tolerence Limit [UTL]) of the mean. Therefore, these detections are 9 

within the range of the Zone A SQL for thallium and are not significantly different from to 

the SQL. II 

• Only one sample exceed the 95% UTL for the SQL. This detection (2.8 mg/kg) barely 12 

exceeded the 95 % UTL (2.6 mg/kg). However, by statistical design, up to 5 % of the IJ 

samples could be expected to exceed the 95% UTL. 14 

• The concentration and distribution of detections show no obvious interconnection or other 15 

indications that thallium is present in soils due to a release. Instead, the random 16 

distribution across the site at similar concentrations indicates that thallium may be naturally 17 

present at concentrations exceeding 0.58 mg/kg. 18 

• The maximum surface soil detection of 2.8 mg/kg corresponds to a residential point 19 

hazard of only 0.5, which falls within the potentially acceptable range or 0.1 to 3. 20 
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• Thallium was not detected in any groundwater samples collected at Combined SWMU 2; 2 

therefore, site-specific data indicate that the groundwater protection SSL may be overly 

conservative. 4 

• A remedial goal of 0.35 mg/kg thallium in lower-interval soil may not be feasible due to 5 

achievable laboratory SQLs. Thallium SQLs for lower-interval soil samples in Zone A 6 

averaged 1.2 mg/kg with a standard deviation of ± 1.3. 7 

• Five of the seven 1997 lower-interval detections were estimated values detected below the 8 

SQL. These detections are from soil samples nested within areas that previously reported 9 

no thallium detections. 10 

• Two detections exceeded the mean SQL. However, neither exceeded the SQL mean plus 11 

2 standard deviations (the 95 % UTL). Therefore, these detections are within the range of 12 

the Zone A SQL for thallium and are not significantly different from the SQL. 13 

• The concentration and distribution of detections show no obvious interconnection or other 14 

indications that thallium is present in soils due to a release. Instead, the random 15 

distribution across the site of similar concentrations indicates that thallium may be naturally 16 

present at concentrations exceeding 0.35 mg/kg. 17 

Table 3.1 summarizes remedial objectives for Combined SWMU 2. 18 
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RFICOC 

Lead 

Aluminum 

Antimony 

Aroclor-1260 

BEQs 

Copper 

Thallium 

Table 3.1 

Draft Zone A Combined SWJ\1U 2 CMS Repon 
Charleston Naval Complex 

Section 3 - Remedial Objeclives 
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Combined SWMU 2 Soil Remedial Goal Objectives 

Residential 

Concentration 
(mg/kg) 

NA' 

'NA' 

NAb 

9.44 

NAb 

NA' 
.-

NA' 

Criteria 

l,JSIlP A Blood 
Concentration Model 

Background 

Concentration 
(mg/kg) 

NA' 

,'"NA":" 

NAb 

'9;44 

NAb 

NA' , 
NA' 

Industrial 

Criteria 

,VSEPA BIix14 
Concentration Model 

Ba<;Ii;grouDd 

Notes: 

b 

3.2 

No RGO is needed for this RFI CDC for reasons outlined in the above text. 
Aroclor and BEQs were found only in areas where lead exceeded its remedial objective concentrations. 
Therefore, these compounds will be addressed as part of lead cleanup activities. 

Groundwater Remedial Objectives 

Lead, silver, arsenic, and manganese were identified as groundwater COCs in the RFL Lead did 2 

not exceed its TT.l\:t.L in t..'1e most recent round of sampling, and L'1e suspected soil source material 3 

for the previously observed groundwater contamination will be addressed during corrective actions 4 

at this site. Silver did not exceed its MCL in the most recent round of sampling for that 5 

compound, and neither did arsenic. 6 

Of the four shallow groundwater COCs identified in the RFI for this site, only manganese 7 

consistently exceeded its screening criteria. However, manganese need not be addressed by 8 

corrective action for the following reasons: 9 
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• There were not enough sample points to parametrically determine background values for 

manganese in groundwater in Zone A. Therefore, the maximum observed background 2 

sample value (0.58 mg/L in shallow groundwater and 2.7 mg/L in deeper groundwater) 3 

was approved by the project team for use as the reference background concentration. 4 

Concentrations above shallow background were consistently detected in only well 5 

002GW002, and these concentrations were comparable to deeper background. Because 6 

the shallow and deeper aquifer zones in Zone A appear to be interconnected, the high 7 

concentrations seen in well 002GWOO2 may likely be attributed to deeper aquifer 8 

background concentrations. The concentrations detected were also comparable to shallow 9 

background values found elsewhere at the Charleston Naval Complex (Zone C 0.6 mg/L; 10 

Zone E 2.6 mg/L; Zone F 2.0 mg/L; Zone G 2.9 mg/L; Zone H 2.4 mg/L; and II 

Zone I 5.4 mg/L). 12 

• This concentration of manganese, if allowed to remain in-place, would result in a residual 13 

hazard of 0.6 under an industrial re-use scenario. This is below the required action 14 

industrial hazard quotient of 3.0. 15 

• There are no current receptors of this groundwater contaminant. The aquifer is not used 16 

as a drinking water supply, and the well point is not immediately adjacent to any surface 17 

water where ecological receptors may be of concern. 18 

• There is not a known historic anthropogenic source for manganese at this site. 19 

• The extent of manganese detections above Zone A background was limited to only 20 

one well. 21 

For the reasons cited above, further assessment or corrective action of groundwater at this site is 22 

not recommended. However, a project team risk management decision will be needed to approve 23 

this recommendation. 24 
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4.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

This section describes the initial steps of remedy selection - identification and screening of 2 

applicable technologies. Remediation technologies such as containment, biological, 

physical/chemical, and thermal treatment technologies (both in situ and ex situ), as well as offsite 4 

disposal options were identified and reviewed based on site-specific conditions and waste 5 

constraints. Screening occurs when technologies are either eliminated from further consideration 6 

or retained for further consideration. From the technologies retained, alternatives for remedial 7 

action at Combined SWMU 2 will be developed and further evaluated. 8 

4.1 Potential Response Actions 9 

Remedial action alternatives can be broadly categorized into general response actions for 10 

consideration in the CMS. These general response actions are summarized below. II 

• Institutional Controls: Institutional controls often supplement engineering controls as 12 

appropriate for short-and long-term management to prevent or limit exposure to hazardous 13 

substances, pollutants, or contaminants. Institutional controls should not supplant active 14 

response measures as the sole remedy unless active measures are determined to be 15 

impractical. Institutional controls typically include: 16 

Site access controls 17 

Public awareness, education 18 

Groundwater use restrictions 19 

Long-term monitoring 20 

Deed restrictions 21 

Warning against excavation, soil use 22 
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• Monitored Natural Attenuation: Natural attenuation refers to dilution, dispersion, 

advection, and biotic degradation of contaminants in the environment. Monitoring must 2 

be conducted throughout the process to confirm that degradation is proceeding at rates 3 

consistent with remediation objectives and to ensure that receptors are not threatened. 4 

• Treatment: Treatment can be used to reduce the toxicity, mobility, or volume of the 5 

principal threats posed by a site, where practical. 6 

• Contaimnent: This engineering control would protect human health and the environment 7 

by preventing or controlling exposure to site contaminants for waste that poses a relatively 8 

low long-term threat or where treatment is impractical. 9 

• Combination: Appropriate methods can be combined to protect human health and the 10 

environment. 11 

4.2 Technology Screening 12 

Applicable technology descriptions, site constraints, and waste constraints are summarized in 13 

Table 4-1. Site and waste constraints were used to screen or retain the applicable technologies. 14 

4.2.1 Results for Soil Remediation 15 

Combined SWMU 2 soil contamination is primarily confined to the uppermost 0 to 3 feet below 16 

ground surface. This material is generally hard, tight, silty, clayey fill down to the water table. 17 

It has relatively low permeability and porosity and a variable organic content. The water table 18 

ranges from approximately 4 to 6 feet in this area, based on location, tidal influence, and time of 19 

year (e.g., seasonal precipitation influences). 20 
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Technology 

Surface Cap 

Table 4.1 
SoU Technology Screening Cor SWMU 2 

Description 

Leaves conauninated soD In place. Site access would 
be controlled by site acee,. control$, public 
awareness, <:!dtteldon, deed restrlcdons, etc, 

Capping is a containment technology that will limit 
lruman contact with soil and reduce infiltration of 
rainwater through contaminated soil. Capping 
materials include soil, asphalt, and concrete. 

Site Constraints 

INSTITUTIONAL CONTROLS 

Does nOt remove the -source - plans for future 
site use may be impacted. 

CONTAINMENT 

Plans for future site use may be impacted by 
capping technology. 

Draft Zone A Combined SlliIfU 2 CMS Repol1 
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Waste Constraints Retained 
= 

= 
None. Ye. 

= 
= 

None. Yes 

======================================================================================================================================================================== 
SOIL IN SITIJ BIOLOGICAL TREATMENT TECHNOLOGIES 

=================================================================================================================================================== 
Bloremediarion 

Bioventing 

N'tutally oecutrlng microbes I.. ,rlmuI$ted by 
circulating water-based soludons tbrougb 
contaminated smI. "' enhance biodegradation. 
Nutrients, oxygen, hydrogen .,."'xide aod other 
ameodments may enhance biodegradation and 
contaminanr desorption from subsurface material •. 
BioremediatioD may ()(;:eut in aerobk and anaerobjc 
condition •• 

Air is either extracted from or injected into the 
unsaturated soils to increase oxygen concentrations 
and stimulate biological activity. Flow rates are 
much lower than soil vapor extraction, minimizing 
volatilization and release of contaminants to the 
atmosphere. 

Preferential flow pallts may ... mly dee ..... 
contact between injected fluids and contaminants 
throughout the contaminated tone •. 

Bioventing is applicable to contaminants in the 
vadose zone. 

4-3 

In siru bioremediation most readily treats 
""n-balog_ted volatile, semi'lolatile. aod 
fuel bydrocarbons. High concentrations of 
beavy melals, highly chlorinated organics, 
!ong-<:hain hydrocarbOns. 0' inorganic salt! 
are likely to be toxic to microorganisms, 

Bioventing is applicable for any contaminant 
that more readily degrades aerobically than 
anaerobically. 

No, waste 
constraint: lead. 

No. waste 
constraint: lead. 



Technology 

Electro1cinetically EDhanced 
Bioremediation 

Landfarming 

NatUral Attenuation 

Phytoremediation 

Table 4.1 
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SOU Technology Screening for SWMU 2 

De.criptlon Site Constraints 

SOIL IN SITIJ BIOU.GICAL TREATMENT TECHNOWGIES 

The apilticition of an eJectric field to 
e1ectro1ciD:ncaUy tIansportnutrieDls and biodegrading 
bacteria to areas of contamination. 

Contamirutted soil is cultivated to enhance 
biodegradation of contaminants. 

Natural ~tttenuation is • klng·ttrm management 
philosophl" Natural sub5urfaee proce .... such n 
dUution. volarilization. biodegradatiOn. adsorption. 
and cheJnJ.al ructio .. with subsurface marerlals are 
llJowed ItO reduce cOntaminantS !O a«<"",blo 
concentraliotlS. 

Phytorem(:<iiation is the use of plants to remove, 
contain, and/or degrade contaminants. Examples 
include: c:nhanced rhizospbere biodegradation, 
phytoaccumulation, phytodegradation. and 
phytostabilization. 

The effectiveness of an electric field can be reduced 
by the presence of buried metallic conductors, and 
pH :md reduction-ox.idanon changes induced by the 
prcx:ess electrode reactions. Penneabitity, degree 
of water sabJ.ration. lnd/or high water table can 
also impact the process effectiveness. 

[n Situ landfarming should only be performed in 
low .. risk areas where leaching of contaminants is 
not a concern. 

NaIl,raIattenuation may no, be a good ttmedlarlon 
cbo~e for locatio .. Where sire eondl .... make I, 
diff:Lcult to predict contatninant movetnent. 

Climatic or hydrologic conditions may restrict the 
rate of growth of the remediation plants, and 
treatment is generally limited to within 3 feet of the 
soil surface. Due to time required for remediation, 
plans for future site use may be impacted by 
phytoremediation. 
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Waste Constraints 

This technology is appropriate for treating 
soils contaminated with petroleum 
hydrocarbons and other compounds easily 
biodegraded under anaerobic cnnditions. 

tn Situ landfanning cannot support anaerobic 
-conditions, which are required to cultivate 
the proper microorganisms for 
biodegradation of some contaminants. 

Some inorg'nic, can be inunobllized 
rhrough natur.tl attenuation. but they will nor 
be degraded. 

High concentratIOns of hazardous materials 
can be toxic to plants. 

Retained 

No. waste 
c:omtraint: lead. 

No, waste 
c:onstraint: lead. 

No-. waste 
c()nstraint: lead. 

No, site 
c:onstraint: furore 

site use and 
depth of 

contamination. 



Technology 

Chemical Oxidation 

Electrokinetic Separation 

FractUring 
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Soil Technology Screening for SWMU 2 

!><scription Slt~~ Constraints Waste Constraint.! 

SOIL IN SITU PHYSICAL/CHEMICAL TREATMENT TECHNOLOGIES 

Chemical oxidation is- a process- in which the 
Dxidation state of a contaminant is increlsed while 
the oxidation state of the reactant is decreas~. The 
reactant Clln be another element, including the oxygen 
m.olecule~ Of it may be a chemicat species coruaining 
oxygen, !;uch as hydrogen peroxide or chlorine 
dioxide. 

Low intensity direct electrical current is applied 
across electrode pairs that have been implanted in the 
ground 011 either side of the contaminated zone. 
Contamirumts desorbed from the soil surface are 
transported toward cathodes or anodes. depending on 
their charge. 

Crac'" .. ~ devel"P"'l by rroclttl'ing belltath the 
sutfa~ It, low p"tnteabillty and ovet-consolidated 
sediments to opeD lit" ~"ay. that inc ..... the 
etreed.en,,,. <>f many ht situ processe, and enhance 
exlt'action erocie .. i •• , I',..,lttI'ing mtl$t be u.ed In 
conjUnction willi • treannent teobnology $Ucl! as soil 
vapot ."fl1Iction. blurentedlatlon. vltrlncation. 
clectrotirleric5 or putnp-tnd-treat systems. 
Tecbnolo!:ies used in fracturing include bla.t· 
enhanced fracturing, pneumatic (",eturing, bydrouUc 
traclUthtg, and La .. gna ptOtOU, 

Iron and manganese in the soil win compete with 
contaminants for oxygen. 

The effectiveness of electrokinetic remediation can 
be reduced by the presence of buried metallic 
conductors, immobilization of metal ions by 
undesirable chemical reactions with naturally 
occILlrring and co-disposed chemicals. and pH arxi 
red1Jction-oxidation cbanges induced by the process 
elec:trode reactions. Permeability and degree of 
water saturation can also impact the proce~s 

effectiveness. 

Ce"emed sedimen .. limit fraCturing effectiveness 
and (,aCtures win close ht non·<layey SOils. The 
technology should not be used in are .. of h1gb 
seismic activity. fracturing ean potentially 
interfere -with utUities and site acthddes.. 

4·5 

This technology is effective in treating media 
-contaminated with low concentrations of 
balogenated and non-halogenated volatiles 
and semivolatiles. poly-cblorimled biphenyls 
(PCBs), pesticides, cyanides, and volatile 
and nonvolatile metals. 

This technology can be used for treating 5011 

contaminated with heavy metals. 
radionuclides. and organic contaminants. 

The poltntial exi... for openhtg new 
pathways which could spread "onlamina ... 
$Ucl! as DNAPL., 

Retained 

No, waste 
1::OIl!Uraint: lead. 

No, site 
constraint: high 

presence of 
metallic materia1 

in soil and 
~;hallow brackish 

water salts. 

No, .Itt 
constraint; non· 

clayey $Oil •• 



Technology 

Pressure Dewatering 

Soil Flushing 

Soil Vapor Extraction 

Solidifk.ationf 
Stabilization 

Aquathermolysis 
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SOU Tecl:tnology Screening for SWMU 2 

Description Sih! Constraints Waste Constrainl!; 

SOIL IN srru PHYSICAlICHEMICAL TREATMENT TECHNOLOGIES 

Air is inj!:cted into the soil at a rate that causes an 
increase in groundwater pressure, which results in 
groundwater flow away from the air injection site. 
This technique increases the amount of soil that can 
be biodegraded through bioventing. 

Soil flushing uscs water or a solvent to leach 
ccntlrrUrunts (rom the soil. Grourdwater extracdon 
must be irllCluded to prevent spreading contamination 
in groundwater. 

Soil vapor extraction (SVE) uses extraction wells and 
vacuum Jlumps to create a pressure gradient to 
volatilize contaminants from the soil. The off·gases 
from the extraction wells may require treatment prior 
to release into the atmosphere, 

In Siro ;olidificationlsttbilization. immobilizes 
wntaminIntS by IllUing .it< soU with ponlaal 
~JIieitt, Jiime. or. cbtmical reagerit to reduce dJe 
rtIObilit)' of ""' cotttaJlUnant. Utg" ""gering 
tqtiipmene is. used to- miX soils in place with the 
reagent. 

Pressure dewatering is applicable for remediating 
contaminants in the vadose zone. 

Low~penneabiHty soils are difficult to treat with 
soil flushing. Soil flushing should only be used 
wh~!re flushed cont3.minants. and flushing fluid: can 
be ~xmtained. and recaptured. 

This technology can be used at sites where areas of 
contamination are large and deep and/or underneath 
a s1ructure. Soils should be fairly homogeneous 
and have high penneability. porosity, and unifonn 
particle size distributions. 

Sollidification wiliJikefy leave a sofid mass, similar 
to cotiCtete. but $tabilizt[ion -causes certain 
COO_IS to bind (phy.ictUy .lldIorchemically) 
to 6:ail particles, which will likely leave a tillable 
soil. 

SOIL IN srru THERMAL TREATMENT TECHNOWGIES 

Water fs heated to 200" to 4SOll'Cumerpresrure .nd 
injected itnto I contaminated Brei. At these 
tempentnres water acts as a catalyst, reactant and 
solvent. 

Shallow groundwater wiD limit the effectiveness 
this tecltnology. Aquathermolysis can implct 
utiliities and wl~r/5ewer transport systems. 
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Pressure dewatering is applicable for any 
contaminant that is more readily degraded 
aerobically than anaerobically. 

Mobilization of NAPLs in response to 
cosotvent flooding can worsen the extent of 
site contamination. 

SVE is applicable to soils contaminated with 
VOCs and some SVOCs. The presence of 
NAPL in subsurface soil may affect the 
efficiency of SVE on organic compounds 

This technology worlc:s well ((llr ioorgarUcs 
including radionuclides. Atdmugh org:irtic 
conraminated $Oils ntay be Itteatc:d with 
SOlidification/stabilization.. sotlle organics
can delay or inhibit reaetiom necessary for 
solidification. 

Aquatilermolysis may be effective in aiding 
the remediation of waste oils. clU'Omrum and 
volatile organic compounds. 

Retained 

No, waste 
constraint: lead. 

N'o. site 
constraint 

recapture and 
containment 
concerns. 

No. waste 
t:onstraint: lead. 

Yeo 

No. W:lste 

I:om:tnint: lead. 



Technology 

Thennally Enhanced Soil 
Vapor Extraction 

Vitrification 

Biopiles 

Table 4.1 

Draft Zone A Combined SWMU 2 CMS Rtpon 
Charleston Naval Compla 

Section 4 -Identification and Screening of Technologies 
Revision: 0 

SOU Technology Screening for SWMU 2 

DescrJptioD SitE~ Constraints 

SOIL IN SITU THERMAL TREATMENT TECHNOWGIES 

Site soils ~Lre electrically heated to 700° F or higher to 
degrade ~Ind volatilize contaminants. A vacuum 
system CO'vering the entire treatment area collects all 
offgases and vaporizes them with heating elements. 
Residual E:ases are passed through activated carbon. 
Different hearing systems that are used for this 
technology include: electrical heating blankets. 
radio frequencyfelectromagnetic heating. and hot air 
injection. 

Electrical heating is used to melt contaminated soUs. 
producing a glass~like matrix with very tow teaching 
characteristiC!!L 

This technology typically requires at least 5 feet 
betw'cen groundwater and the bottom of the 
treatment zone. Heating the soil to high 
temperatures can impact utilities and water/sewer 
tral1lSport systems. 

Shallow groundwater tends to interfere with this 
pr{)l;.ess. The technology will create a vitreous 
ma~,$ tha:l may impact future use of the site~ 

SOIL EX SITU BIOLOGICAL TREATMENT TECHNOWGIES 

Excavated soil.. ate nfuttd with amendments. 
nutrient>, and fillen and p1acod in aoo..grnund 
encIO;Utel .• In an aetatOd ... tie pile, excavated ",u. 
ate fortl1ed infD piles and aerared with blowers Qr 
.lOut\JJ1 !''''''P'. Compoll piles and IIldc pilo •• n: 
.umples <or biopUo .. 

Exilitmg structures am utilities may impede Or 
restrict excavation. A large tmoUilt of space is. 
",,,,ored for biopile •. 
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Waste Constraint.!; 

This technology has been prov~~n to remove 
some VOCs, SVOCs, pesticides, herbicides, 
.and PCBs from soil. It can n:move some 
volatile forms of metals from soil, although 
elemental forms will not be removed 

Some organic and inorganic contaminants 
may volatilize in the process. 

Biopile treatment has been used to treat 
""nbalogenated voe. and fuel 
hydrocarbort,. HaIogenatedVoe',SVOCI, 
and pesticides also Can be trellted. but the 
proetS$ effectiveness will -vary and may 
lpply only 10 ,Dote compound! wilhin these 
contaminant groups.. Heavy trlerals ctnnot 
be degraded. by biopiles and cal' be toxic ro 
the microorganisms. 

Retained 

No, site 
constraint: 

Groundwater is 
less than 5 feet 

below the 
treatment lone. 

No, site 
constraint: 

Groundwater is 
les$. than 5 feet 

below !be 
lreabnent :tODe. 

No. waste 
,_train!: Ictd. 



Technology Descdptlon 

Table 4.1 
SOU Technology Screening ror SWMU :l: 

Site Constraints 

Draft Zone A Combined SWMU 2 CMS Repon 
Charleston Naval Compl,9C 

Section 4 -Identification and Screening of Technologi",s 
Revision: 0 

Waste Constraints Retained 

SOIL EX SlTIJ BIOLOGICAL TREATMENT lECHNOLOGIES 

====================,==========================,====================== 
BiosorptiDIl 

fuIlgal Biodegradation 

Laoofanning 

Slurry Phase Biological 
Treatment 

Biosorpnon is the SOrptiVI~ removal of toxic metals 
from 5010600 by • 'P"cially prepan:d biomass. 

Existing structures and utilities may impede or 
restrict excavation. This tcchnDIOiO' may not be 
effective for clayey soil. 

SOIL EX SITU BIOLOGICAL TREATMENT lECHNOLOGIES 

Fungal bi4x1e:gradation refi~n to the degradation of .. 
wide .ati"ly of organopoDutanls by ustng die Iignin
degrading or wood-totting enzyme system of white 
rot fungu, .. 

Contamittlted soil is exc~lvated. applied into lined 
beds, and periodically turned over or tilled to aerate 
and enhance biodegradation nf contaminants. 

An aqueous slurry is creatlm by combining soil with 
water anC! other additiveily The sluny is mixed 
contino:ou:5ly to keep .solids suspended and 
microorglltUsms in contact with the soil 
contaminants. Upon completion of the process, the 
stUfl)' :is. dewatcred and the treated sail is disposed 
of. 

Existing strUctures and utilities may impede or 
tesbletexcavation, 

Existing structures and utilities may impede or 
restrict excavation. A large amOlmt of space is 
required fnr landfarming. 

Existing .sbuctures and utilities may impede or 
restrict excavation. Nonhamogel1l:ous soils: and 
clayey soils can create material handling probletn'l. 
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Biosorption removes toxic metals from 
solution. Not proven effective at 
concentrations above 30 ppm. 

Wrute rot futtgtis can degrade and mineralize 
a number of orgauopoUuranlS. including the 
predominant conventional explosives TNT. 
RDX. aoo HMX. In addltion, white rot 
fungus has die poten'ial 10 degrtde '00 
mineralize other recalcitrant materials sucb 
as DDT, PARs, aoo PCBs, 

Inorganic contaminants will not be 
biodegraded and volatile contaminants must 
be pretreated to prevent polluting the air. 

Slurry-phase bioreactors Ire used primarily 
10 treat oonlmlogena",d SVOC, and VOCs 
in excavated soils or dredged sediments. 
Sturry-pha:se biorel.ctors containing co· 
metabolites and specially adapted 
microorganisms can be used to treat 
halogenated VOCs and SVOCs, pesticides. 
am PCBs. 

No, waste 
constraint: lead 
concentration 

>30 ppm. 

No, waste 
constraint: lead. 

No. waste 
constraint: lead. 

No. waste 
constraint: lead. 



Table 4.1 
Soil Technology Screening for SWMU 2 

Draft Zone A Combined SWMU Z CMS RepoJ1 
Charleston Naval Complex 

Section 4 - Identification and Screening of Technologies 
Revision: 0 

Technology Description 
======~============~=================================================== 

Site Constraints Waste Constraints 

SOIL EX SITU PHYSICAL/CHEMICAL TREATMENT TECHNOLOGIES 

======================================================================== 
Chemical Exlrattion 

Chemical Oxidation 

DehaJogenation 

Excavated soil is washed with aqueous-based 
solutions In separate contaminants sorbed onto fme 
particles- from the rest of the soU matrix. The 
fractions lof soil to be -tnlated are processed in a 
slurry widl specific leachartt millalreS to- ionize taIg:et 
metals. ~fhe treated mixltDre 15- further treated to
develop an enriched leaching !WlJulion, which is then 
treated to remove the tt.rg~~t metals.. 

Chemical oxidation is a, process in which the 
oxidation state of a contaminant is increased while 
the oxidation state of the n:actant is decreased. The 
reactant c~m be another element, including the oxygen 
mOlecule, or it may be a chemical species containing 
oxygen, ~:uch as hydrog~:n peroxide or chlorine 
dioxide. 

ReagentS are added "' soUs co_ted "'lib. 
baJogenau<l ",gani... The dehalQ&enad.nptCCelS is 
achieved by tllhetteplaelni! Ib.e halO&'ll molecules 0' 
4e""mposlng aM p"",aDy TOlatilltlng the 
contamlna!lt$. Examples ,)( dehaJogenaoolt lnelud. 
basuatalyXed decomposition aM gJy""Ja",falltaline 
poJyetI\Yl,ne glycol (AlPEG). 

Existing structures and utilities mly imped~ or 
restrict excavation. Soils with highl~r clay content 
may reduce extraction efficiency and require longer 
contact times. 

Existing structures and utilities m!y impede or 
restrict excavation. Iron and manganese in the soil 
will compete with contaminants for <oxYgen. 

Existing .trUe,,",,' aM utilities m.y Impede or 
restric, ...... don. aigh cJay aM motsrur. """",n, 
will inCrea.e !teItmeltt costS. CaplUte and 
ttunnent of residual. ('om lb., Pl'"'''' will be 
o"",dally dlfflcult for •• a. contIinlD;! high lovols of 
lines and m.isture. 
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Acid extraction is suitable for treating soils 
contaminated by heavy metals. 

Solvent extraction has been shown to be 
effective in treating soils containing 
primarily organic contaminants. but is 
genc:rally least effective on very high 
molecular weight organic and very 
hydrophilic substances. 

This technology is effective in treating media 
contaminated with low concentrations of 
halogenated and non-halogenated volatiles 
and semivolatiles. PCBs, pesticides, 
cyanides, and volatile and nonvolatile 
metals. 

The ra,g.t contaminant group, for 
dehalogenation treatment ore lIllI.g .... ted 
svoc. aM pestieid... The reobnol.gy can 
be used but may be I .. , effective agains, 
selected lIllIogenaled VOCs. 

Yes 

No, waste 
constraint: lead. 

No~ waste 
constraint; lead. 



Technology 

Separation 

Soil Washing 

Soft Vapor E<traction 

Solar Detoxification 

Table 4.1 

Draft Zone A Combined SWMU 2 CMS Report 
Charleston Naval Compl,'" 

Section 4 - Identification and Screening of Technologi"s 
Revision: 0 

Soil Technology Screening for SWMU :1: 

Descr:[ptlon Site Constraints Waste Constraints 

SOIL EX SITU PHYSICAL/CHEMICAL TREATMENT TECHNOLOGIES 

SeparatiOl!l: techniques mncentratc contaminated 
solids through physica.land chemical means. These 
process~s seek to detach -contaminants- from their 
medium (j~.g,. sail, sand, or olber binding material)~ 
Gravity separation, IDl!lgnetie sepaJation. and 
sieving/physical separation are examples of this 
technology. 

Excavaled soil is washed with aqueous·based 
solutions to separate contaminants sorbed onto fme 
particles from the rest of the soil matrix, This 
technology only separates the contaminants and does 
not destroy them. Further treatment or disposal of 
the proce!;s water is requil'ed. 

A vacuun. Is applied to • network of a1loveground 
piping ro encourage vOlallllzadon ~f organic. from 
dIe excavated soil. The 1)fOl;.eSS' includes .. system 
rO\' l1andling offg ... " 

Solar detoxification is a process that destroys 
contaminants by photochemical and thermal reactions 
using the ultraviolet energy in sunJight 

Existing structures and uhlities m.ay impede or 
restrict CXC8V11tiOn. Specific gravity of particles 
will affect settling rates and process efficiency ~ 

Existing structures and utilities may impede or 
restrict excavation. High humic content in soil may 
require pretreatment It may be difficult to remove 
organics adsorbed 10 c1ay·size panides. 

1!~I!tiog structures and utlIities may Impede or 
mtrlCt .~""vation. A large amOunt of space J. 
required ft>r lid, ,echnology. IIlgh mol,tuu 
content, high humic content, Or compacr s.oUs. win 
inhibit vOlatlIltadon. 

Existing structures and utilities ma.y impede or 
restrict excavation. Sile must have adequate 
sunlight. 
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1be target contaminant groups Ire SVOCs, 
fuels, and inorganics (including 
radionuclides), The technologies can be 
used on selected VOCs and pesticides. 
Magnetic separation is: specifically used on 
heavy metals, radionudides, am magnetic 
radioactive particles, such as uranium and 
plutonium compounds. 

This technology is effective at removing 
SVOCs and inorganics. II is less effeclive al 
treating VOCs. 

svE Is applicable to soa. """laminated with 
VOCs and some SVOC,. 

The target contaminant groups for solar 
detoxification are VOCs, SVOCs, solvents. 
pesticides, and dyes, The process may also 
remove some heavy metals from water. 

Retained 

No, waste 
comtraint: not 

applicable to Jaw 
concentration 
non-paniculate 

lead, 

Yes 

No, Wa.!Ite 
c,,",traint: 1e.1t 

No, waste 
constrainl: lead. 



Technology 

Table 4.1 
SOU Technology Screening ror SWMU 1 

Description SIte Constraints 
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Revision: 0 

Waste Constraints Retained 

SOIL EX SITU PHYSICAUCIIEMICAL TREATMENT TECHNOLOGIES 

===========================================================,= 
SolidifICation/Stabilization 

SupercriticaJ Carbon Dio~ide 
Extraction (SeDE) 

Contamirtints 3.Ri physically bound .or encased within 
a stabilized mass9 or -chemical reactions 3.Ri iIduccd 
with stabilizing agenK 1lhc contaminants are not 
.removed or destroyed, but their mobility is reduced.. 
Examplell .of SIS 'technologies include: 
bituminizJl:tion. emulsified asphalt.: modified sulfur 
cement. llolyedtyJene extnlSion, pozzoJantportiand 
cement. lradioactive waste solidification. sludge 
stabilization, and soluble pho~ha!es. 

This procc:ss employs mpercritical carbon dioxide as 
a solvent to remove nonnaUy insoluble organic 
compJunds. It does not de:ltroy target contaminants. 

Existing strucWres and utilities may impede or 
resbictexcavanon. 

Existing structures and utilities mily impede or 
restrict excavation. Elevated watt:r content can 
have a negative impact on SCDE performance. 

This t(!chnology works well for inorganics 
including radiom:rclides. Although organic .. 
contaminated soils may be treated with 
soJidification/5tabilizarion. some organics 
can delay or inhibit reactions. necessary fur 
solidification. 

This technology can remove nonnally 
insoluble organics from soli. 

Yes 

No. site 
constraint: lead. 

====================,================================================,= 

AquathtmiOly<is 

Distillation 

High-Pressure Oxidation 

SOIL EX SITU TIIERMAL TREATMENT TECHNOLOGIES 

Water is b~ted to 200<1: to 430°C under pressure and 
is- injected into a rontan:liDated itca. At theSe 
temperattires water acts as .. catily:St9 teactailt ilt1d 
solvent. 

Hydrocarbons and wate:r are volatilized from 
contaminated media using either heat or vacuum. 

Wet lir o,tidatjan and mpm:ritica:l wlter oxidation 
belong to IfIls ~1"8Y <ateroIY _ BOIb processe, 
use high {:'Tessure .and tenlpe:n.ture to treat organic 
contaminalrtts . 

Eilit1ng structures and utilities mlY impede or 
testrict excavatioii. 

Existing structures and utilities m:ly impede or 
restrict excavation. 

Existing structures and utiJities m:ly impede Of 

restrict excavation. 
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AquathttrtlolysiS may be effective in aidint! 
the: retnediation of waste oils. chromium and 
vOlatile organic compounds. 

This technology is limited to the removal of 
organic contaminant from wastes. 

Wet air oxidation can treat hydrocarbons and 
other organic compounds. 

Supercritical water oxidation is appticable 
for PCBs aOO other stable compounds. 

No. waste 
comtraint: lead. 

No, waste 
constraint: lead. 
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Section 4 -Identification and Screening of Technologi"s 
Revision: 0 

Waste Constraints Retalned 

============================================================ 
Hot Gas Decontamination 

Incineration/Pyrolysis 

Open BumIOpen !)etonation 

TIlennal Desorption 

nus proo~SJ involves raising the temperature of the 
contamWlted material fDr:1 specified period of time. 
The gas c~ffluent from the; material is treated in an 
afler\Jurnc" system to destroy all volatilized 
contamma:nts. 

Incineration bums contan:tinated sediment at high 
temperatures (t.600~ - 2,200°F) to volatilize and 
combust organic contaminants. A combustion gas 
treatment system must be included with the 
incinerator. The circulatinl~ bed combustor, fluidized 
bed reactor, infrared combustor, and rotary kiln are 
examples of incinerators. 
Pyrolysis is a thennal process that chemically 
changes contammated sediment by heating it in the 
absence of air. Pyrolysis can be achieved by limiting 
oxygen to rotary kilns and fluidized bed reactors. 
Molten salt destruction is another example of 
pyrolysis. 

ht openl",m operations •• "plosivO$ or munition. are 
destroyed by ,elf-$\1$Iltin<>d oombustion, wbich Iio 
ignlted by anelttOl11ai s."",e, such as flame, heat, or 
• detonat.ble wave. Open detonation destroys 
detonatable e>tploslve, andl tumon. by detonating 
with an ctllcrgetic charge. 

Soil is generally heated between 200" and I,(X)()°F to 
separate VOCs, water. and some SVOCs from the 
solids into a gas stream. The organics in the gas 
stream must be treated or captured. 1bermal 
desorption may be used at higb or low temperatures 
depending on the volatility of the contaminants. 

Existing structures aDd utilities may impede or 
restrict excavation. 

Existing structtIres and utilities may tmpede or 
restrict excavation. Highly abrasive feed can 
damage the processor unit. 111e technology 
requires drying me soil to achieve less than 1% 
moisture content. 

Existing structures and utilities may hnpede .t 
resmctexcavadon. for safelY potpO!es, substantial 
space is requited fot open proc."es. Open 
bum/open detonation requite, a RCM Subpan X 
pennit. 

Existing structures and unlities may impede or 
restrict excavation. Highly abrasive feed can 
damage the processor unit. Clay and silty soils and 
soil with high humic content increu: reaction time: 
due to binding of contaminants. 
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This process is applicable for demilitarizing 
explosive items. such as mines and shells 
(after removal of explosives), or scrap 
material contaminated with explosives. 

Incineration may be effective in treating 
organic- contaminated soil, but not for soil 
with metals as the primary contaminants. 
The target contaminant groups for pyrolysis 
are SVOCs and pesticides. Pyrolysis is not 
effective in either destroying or physically 
separating inorganics from IDe contaminated 
medium. Volatile metals may be removed 
by the higher temperatures. but are not 
destroyed. 

Open bum/open detonation can he used ., 
destroy exceSS j obsolete, or unserviceabte 
munitions. components, and energetic 
materials, as wen as media contaminated 
with energedcs. 

Inorganic contaminants or metals that are 
not particularly volatile will not be 
effectively removed by thennal desorption. 

No. waste 
comtraint: lead. 

No, waste 
constraint: lead. 

No, waste 
constraint: lead. 

No, waste 
constr:aint: lead 



Technology 

Vitrification 

Exca.ation and Off,fte 
DISpO,al 

Table 4.1 

Draft Zone A Combined SWMU 2 CMS Report 
Charleston Naval Complex 

Section 4 - Identification and Screening of Technologies 
Revision: 0 

Soil Technology Screening for SWMU 2 

Description Site Constraints Waste Constraints 

SOIL EX SITU TIIERMAL TREATMENT TECHNOLOGIES 

Electrical heating is used to melt contaminated soils, 
producing a glass·like matrix with very low leaching 
characteristics. 

Existing structures and utilities may impede or This technology is primarily used for 
restrict excavation. radioactive contaminants. 

OTIlER SOIL TREATMENT TECHNOWGIES 

Contaminaled ,oU I. • ••••• Ied and disposed of 
ot'fsite at a licensed Waste disposal facility. 

Existing Sitr\lCnltes and utilities may impede or 
restrict ucavation. Transportation of the Soil 
tbrough populated area, may affect community 
acceptance. 
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TCLP results may Impact disposal options. 

Retained 

No, waste 
constraint: lead. 

Ye, 
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Evaluation of potential remedial technologies was based on these general site characteristics and 

the contaminants discussed in Section 2. The following technologies were all screened from 2 

further consideration. 

• The following biological treatment technologies were screened from further consideration 4 

because these technologies do not effectively treat inorganics: bioremediation, 5 

bioyentiilg, electrokineticalJy enhanced biorenlcdiation, Jandfarilling~ biopiles, fungal (> 

biodegradation, and slurry phase biological treatment. 7 

• Monitored natural attenuation (MNA) was screened from further consideration because 8 

it does not effectively treat inorganics since these compounds are often immobilized during 9 

MNA, but not destroyed. Immobilization may involve adsorption, coprecipitation, 10 

precipitation, and diffusion into the soil matrix, and may either be reversible or slowly II 

reversible. 12 

• Phytoremediation was screened from further consideration because of the depth of !3 

contamination at one hot spot, the time required for remediation, and plans for future site 14 

use. 15 

• In situ and ex situ chemical oxidation were screened from further consideration because 16 

they treat VOCs and SVOCs more effectively than inorganics. Moreover, chemical 17 

oxidation is typically used to treat soils containing contaminants too concentrated or too 18 

toxic for bioremediation to be effective. For in situ oxidation, soils must be sufficiently 19 

permeable for the oxidant solution to reach the contamination and for reaction products to 20 

move away from the area. Furthermore, background metal concentrations would likely 21 

interfere with the process by competing for the chemical oxidants. 22 
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• Electrokinetic separation was screened from further consideration because tbe metallic 

material in soil and shallow brackish water salts would interfere witb tbe technology. 2 

• Fracturing was screened from further consideration because it is not applicable to current 3 

site conditions. 4 

• Pressure dewatering was screened from further consideration because tbis technique is 5 

used to increase tbe amount of soil tbat can be biodegraded through bioventing. Lead is 6 

not biodegradable. 7 

• Soil flushing was screened from further consideration because groundwater contamination R 

is independent of soil contamination. Soil flushing could contaminate groundwater. 9 

• In situ soil vapor extraction (SVE), ex situ SVE and thermally enhanced SVE were 10 

screened from further consideration because tbey effectively treat VOCs and SVOCs ratber 

tban inorganics. In situ SVE and thermally enhanced SVE would also be screened from 

further consideration because vadose zone technologies are not being considered for tbis 

site. The shallow water table limits tbe technology's effectiveness because of tbe difficulty 

10 feet below the ground surface to provide a sufficient volume of soil for SVE to 

effectively treat soil contaminants. Furthermore, soil-vapor transport can be severely 

limited in a soil witb a high bulk density, low porosity, and low permeability. 

II 

12 

13 

14 

15 

16 

17 

18 

• In situ and ex situ aquathermolysis were screened from further consideration because 19 

tbey do not effectively treat inorganics. 20 
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• In situ vitrification was screened from further consideration because shallow groundwater 

interferes with the process. The technology was also screened from further consideration 2 

because of its impact on future site use. Ex situ vitrification was screened from further 3 

consideration because it is primarily used to treat radioactive contaminants. 4 

• Biosorption was screened from further consideration because it treats dissolved species 5 

more effectively than soil-sorbed constituents. This technology has not been proven 6 

effective at treating metal concentrations above 30 ppm. 7 

• Dehalogenation was screened from further consideration because it does not effectively 8 

treat inorganics. Dehalogenation is limited to halogenated contaminants. 9 

• Physical separation was screened from further consideration because it is does not apply 10 

to low concentration nonparticulate lead. 11 

• Solar detoxification was screened from further consideration because it primarily targets 12 

VOCs, SVOCs, and solvents rather than inorganics. 13 

• Supercritical carbon dioxide extraction (SCDE) was screened from further consideration 14 

because it does not effectively treat inorganics. 15 

• Distillation was screened from further consideration because it is limited to the removal 16 

of organic contamination. 17 

• High-pressure oxidation was screened from further consideration because it does not 18 

effectively treat inorganics. 19 
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• Hot gas decontamination was screened from further consideration because it is primarily 

used for demilitarizing explosives. 

• Incineration and pyrolysis were screened from further consideration because they do not 

effectively treat inorganics. 

• Open burn and detonation were screened from further consideration because they are 

used primarily to treat munitions rather than inorganics. 

2 

4 

6 

• Thermal desorption was screened from further consideration because it does not 7 

effectively treat inorganic compounds. 8 

Table 4.1, Soil Technology Screening for Combined SWMU 2, summarizes the information used 9 

to screen technologies and shows the retained status for each technology. 10 

Soil technologies retained for further consideration are listed below: 11 

• Institutional controls (only with other technologies) 12 

• Surface cap (soil and concrete cap) 13 

• In situ solidification/stabilization 14 

• Excavation and offsite disposal 15 

• Chemical extraction (excavation and treatment by) 16 

• Soil washing (excavation and treatment by) 17 

• Ex situ solidification/stabilization 18 
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5.0 DEVELOPMENT AND EVALUATION OF ALTERNATIVES 

The purpose of the detailed analysis of alternatives is to provide decision makers with adequate 2 

information to select an appropriate site remedy. During the detailed analysis, each alternative 3 

is assessed against the evaluation criteria described in the OSWER Directive Number 9902.3-2A. 4 

Assessment results are then arrayed to compare the alternatives and identify key tradeoffs among 5 

them. 6 

5.1 Evaluation Process 7 

The evaluation process is designed to provide decision makers with sufficient information to 8 

adequately compare the alternatives, select an appropriate remedy for a site, and satisfy RCRA 9 

requirements for selecting the remedial action. 10 

Primary Criteria II 

Four evaluation criteria have been developed to address the RCRA requirements and 12 

considerations and their additional technical and policy considerations. The evaluation criteria 13 

with the associated statutory considerations that must be met are: 14 

• Primary Criteria 1 Protection of human health and the environment 15 

• Primary Criteria 2 Attainment of cleanup standards 16 

• Primary Criteria 3 Source control 17 

• Primary Criteria 4 Compliance with applicable waste management standards 18 

Secondary Criteria 19 

The alternatives are scored on their abilities to meet the four primary criteria as well as five 20 

secondary criteria. These secondary criteria can help rank remedial alternatives that have met all 21 

four of the primary criteria described above. 22 
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• Secondary Criteria 1 
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Long-tenn reliability and effectiveness 

Reduction in waste toxicity, mobility, or volume 

Short-tenn effectiveness 

Implementability 

Cost 

2 

3 

4 

5 

Each remedial altef!1..ative is evaluated \vith respect to t..1"le above criteria, as described in the 6 

following sections. 7 

5.1.1 Protection of Human Health and the Environment 8 

Corrective action remedies must be protective of human health and the environment. Each 9 

alternative must satisfy this criteria to be eligible for selection. Evaluation of this criteria should 10 

provide a final measure to assess whether each alternative adequately protects human health and 11 

the environment. The overall assessment of protection draws on the assessments conducted under 12 

other evaluation criteria, especially long-tenn reliability and effectiveness, short-tenn 13 

effectiveness, and compliance with applicable waste management standards. 14 

Evaluation of the overall protectiveness of an alternative should focus on whether an alternative 15 

achieves adequate protection by eliminating, reducing, or controlling the risks posed through each 16 

pathway through treatment, engineering, or institutional controls. This evaluation considers 17 

whether an alternative poses any unacceptable short-tenn or cross-media impacts. 18 

5.1.2 Attainment of Cleanup Standards 19 

Remedies will be required to attain media cleanup standards set by the implementing agency, 20 

which may be derived from existing state or federal regulations or other standards. The media 21 

cleanup standards for a remedy will often playa large role in detennining the extent of the remedy 22 

and technical approaches to it. In some cases, certain technical aspects of the remedy, such as the 23 
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practical capabilities of remedial technologies, may influence to some degree tbe media cleanup 

standards tbat are established. 2 

In addition, tbis eMS will evaluate whetber tbe potential remedial alternatives will achieve tbe 3 

preliminary remediation objective as identified by tbe implementing agency as well as otber, 4 

alternative remediation objectives proposed in tbe eMS. The time frame for each alternative to 

meet tbese standards will he estimated and included in this discussion. 6 

5.1.3 Source Control 7 

A critical objective of any remedy must be to stop furtber environmental degradation by 8 

controlling or eliminating further releases tbat may threaten human healtb and tbe environment. 9 

Unless source control measures are taken, efforts to clean up releases may be ineffective or, at 10 

best, continue indefinitely. Therefore, an effective source control program is essential to ensure 11 

the long-term reliability and effectiveness of tbe corrective action program. 12 

The source control standard is not intended to mandate a specific remedy or class of remedies. 13 

Instead, tbe eMS will examine a wide range of options. This standard should not be interpreted 14 

to preclude tbe equal consideration of using otber protective remedies to control tbe source, such 15 

as partial waste removal, capping, slurry walls, in situ treatment or stabilization and consolidation. 16 

This eMS report will also address whetber source control measures are necessary, and if so, tbe 17 

type of actions mat would be appropriate. For any source controi measure proposed, its estimated 18 

effectiveness based on site conditions and tbe history of tbe specific technology will be discussed. 19 

5.1.4 Compliance with Applicable Waste Management Standards 20 

Corrective action remedies must comply witb applicable waste management standards. To be 21 

eligible for selection, each alternative must satisfy tbis criteria, which is used to evaluate whether 22 
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each alternative will meet all the federal and state waste management standards identified in the 

remedial process. The detailed analysis should identify which requirements are applicable or 2 

relevant and appropriate to an alternative. The lead agency (the Navy) determines which 3 

requirements are applicable or relevant and appropriate, in consultation with the support agencies 4 

(USEPA and SCDHEC). Each alternative's compliance with the following waste management 5 

standards should be addressed during the detailed analysis: 6 

• 
• 
• 

Chemical-specific regulations 

Location-specific regulations 

Action-specific regulations 

7 

8 

9 

5.1.5 Long-Term Reliability and Effectiveness 10 

The evaluation of alternatives under this secondary criterion addresses the results of a remedial II 

action in terms of the risk remaining at the site after response objectives have been met. This 12 

evaluation primarily focuses on the extent and effectiveness of the controls that may be required 13 

to manage the risk posed by treatment residuals and/or untreated wastes. The following should 14 

be addressed for each alternative: 15 

• Magnitude of Residual Risk: This factor assesses the residual risk from untreated waste 16 

or treatment residuals when remedial activities are complete. This risk may be measured 17 

by numerical standards such as cancer risk levels or the volume or concentration of 18 

constituents in waste, media, or treatment residuais remaining onsite. 19 
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• Adequacy and Reliability of Controls: This factor assesses the adequacy and suitability 

of any controls used to manage treatment residuals or untreated wastes remaining onsite. 2 

It may include an assessment of containment systems and institutional controls to determine 

if they are sufficient to ensure that any exposure to human and environmental receptors is 4 

within protective levels. 5 

5.1.6 Reduction of Toxicity; Mobility; or Vo!mne 6 

This criterion gives preference to remedial actions employing treatment technologies that 7 

permanently and significantly reduce the toxicity, mobility, or volume of hazardous substances. 8 

The evaluation should consider the following specific factors: 9 

• The treatment processes, the remedies they will employ, and the materials they will treat. 10 

• The amount of hazardous materials that will be destroyed or treated, including how 11 

principal threat(s) will be addressed. 12 

• The degree of expected reduction in toxicity, mobility, or volume, measured as a 13 

percentage of reduction (or order of magnitude) when possible. 

• The degree to which the treatment will be irreversible. 

• The type and quantity of treatment residuals that wiii remain foiiowing treatment. 

5.1.7 Short-Term Effectiveness 

The short-term effectiveness of a remedial alternative is evaluated relative to its effect on human 

health and the environment during implementation. Short-term effectiveness is based on four key 

factors: 
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• Risks to the community during implementation of the remedial action. 

• 
• 

• 

Risks to workers during implementation of the remedial action. 

Potential for adverse environmental impact as a result of implementation. 

Time until remedial response objectives are achieved. 

2 

3 

4 

5.1.8 Implementability 5 

This criterion addresses t.he tec!wical and admipistrative feasibility of implementing an alternative 6 

and the availability of various services and materials required during its implementation. It 7 

involves analysis of the following factors: 8 

Tecimical Feasibility 9 

• Technical difficulties and unknowns associated with construction and operation. to 

• Potential technical problems during implementation that may lead to schedule delays. 11 

• Ease of remedial action and potential future activities based on technology performance. 12 

• Ability and ease of remedy effectiveness monitoring, including an evaluation of the risks 13 

of exposure should monitoring be insufficient to detect a system failure. 14 

Administrative Feasibility 15 

• Activities needed to coordinate with other offices and agencies. 16 

17 

Availability of Services and Materials 18 

• Availability of adequate offsite treatment, storage capacity, and disposal services. 19 
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• Availability of necessary equipment and specialists, and provisions to ensure any necessary 

additional resources. 2 

• Availability of services and materials, plus the potential to obtain competitive bids, which 3 

may be particularly important for innovative technologies. 4 

• Availability of prospective technologies. 5 

5.1.9 Cost 6 

Cost estimates for each remedial alternative are based on engineering analyses, published estimates 7 

of necessary technology and costs for similar actions (such as excavation) at other remediation B 

sites. The cost estimate for a remedial alternative consists of three principal elements: capital 9 

cost, operations and maintenance (O&M) costs, and present-worth analysis. Costs are expressed 10 

in 1999 dollars. II 

Capital Costs 12 

• Direct costs for equipment, labor, and materials used to develop, construct, and implement 13 

a remedial action. 14 

• Indirect costs for engineering, financial, and other services that are not actually part of 15 

construction, but are required to implement a remedial alternative. The percentage applied 16 

to the direct cost varies with the degree of difficulty- associated with construction andior 17 

implementation of the alternative. In this CMS, the indirect costs include health and safety 18 

items, permitting and legal fees, bid and scope contingencies, engineering design and 19 

services, and miscellaneous supplies or costs. 20 
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Annual O&M Costs: O&M costs refer to post-construction costs necessary to ensure the 

continued effectiveness of a remedial action. They typically refer to long-term power and material 2 

costs (such as the operational cost of a water treatment facility), equipment replacement costs, and 3 

long-term monitoring costs. 4 

Present-Worth Analysis: This analysis makes it possible to compare remedial alternatives on the 5 

basis of a single cost representing an amount that would be sufficient to cover all costs associated 6 

with the remedial action during its planned life, if invested in the base year and disbursed as 7 

needed. A performance period appropriate to each alternative is assumed for present-worth 8 

analyses. Discount rates of 6% are assumed for base calculations. An increase in the discount 9 

rate decreases the alternative's present worth. 10 

The cost elements for each remedial alternative are summarized in the cost analysis section. The 11 

study estimate costs provided for the alternatives are intended to reflect actual costs with an 12 

accuracy of minus 30 % to plus 50 %, in accordance with USEP A guidelines. 13 

5.2 Evaluation of Soil Alternatives 14 

The alternatives include containment, in situ and ex situ treatment, and excavation and disposal. 15 

Depending on remedial objectives, each alternative may include institutional controls and 16 

monitoring. The following alternatives have been developed from the technologies retained from 17 

the screening described in Section 4: 18 

Alternative 1: Low-Permeability Surface Cap 19 

Alternative 2: In Situ Solidification/Stabilization 20 

Alternative 3: Excavation and Offsite Disposal at Landfill 21 

Alternative 4: Excavation and Treatment by Chemical Extraction 

Alternative 5: Excavation and Treatment by Soil Washing 

Alternative 6: Ex Situ Solidification/Stabilization 
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5.2.1 Alternative 1: Low-Permeability Surface Cap 

This alternative uses a physical barrier to cover contaminated soil to eliminate dermal and 2 

gastrointestinal contact. Land use would be restricted to industrial purposes using institutional 3 

controls to minimize uncontrolled exposure. 4 

Cover construction assumes: (1) concrete, asphalt and rail line excavation and removal before 5 

placing a 24-inch thick low permeability soil layer with a vegetative cover or (2) placing a 8-inch 6 

thick concrete cover over existing site surfaces. 7 

5.2.1.1 Low-Permeability Surface Cap: Primary Criteria 8 

Overall Protection of Human Health and the Environment 9 

The cover would eliminate the threat of dermal and gastrointestinal contact for current and future IO 

site workers. Contaminated soil would be left onsite indefinitely; however, the cover would be 11 

maintained to ensure adequate protection. This alternative would protect human health and the 12 

environment by physically eliminating receptor pathways and controlling access through 13 

institutional controls. Cover construction and maintenance would be easily implemented and 14 

current site controls (site security, access control, and fencing) and the institutional controls would 15 

be adequate to ensure minimal disturbance of the cover. Short -term risks from inhalation and 16 

dermal contact during implementation would be minimal, and could be controlled using common 17 

engineering techniques and the use of PPE. 18 

Attainment of Cleanup Standards 19 

Surface capping would attain media cleanup standards as established by the Project Team by 20 

eliminating dermal and gastrointestinal contact. This alternative would thus minimize the threat 21 

to human health and the environment by eliminating potential migratory pathways. 22 

5-9 



Source Control 

Draft Zone A Combined SWMU 2 CMS Report 
Cfulrleston Naval Complex 

Section 5 - Development and Evaluation of Alternatives 
Revision: 0 

This alternative would provide effective source control by reducing rainwater infiltration, thereby 2 

effectively reducing mobility of contaminants that may threaten human health and the environment. 3 

Furthermore, institutional controls would drastically reduce the likelihood of additional risks to 4 

future site workers. 5 

Compliance with Waste Management Standards 6 

The cover would isolate or eliminate contaminants exceeding remedial objectives in environmental 7 

media, but not manage solid or hazardous waste. The potential for contact with soil in which 8 

contaminants exceed remedial objectives is eliminated by removing the primary pathways. Site 9 

grading would need to comply with federal, state, and local air emissions and storm water control 10 

regulations. This alternative would not trigger any location-specific regulations. 11 

5.2.1.2 Low-Penneability Surface Cap: Secondary Criteria 

Long-term Reliability and Effectiveness 

12 

13 

A cover would effectively reduce site worker contact with the contaminated soil. However, 14 

institutional controls and routine O&M would be required to ensure that any exposure to human 15 

and environmental receptors is within protective levels. By managing Combined SWMU 2 as an 16 

industrial site and restricting land use, residual site risk would be eliminated. 17 

Soil and concrete covers are generally reliable containment controls. If the cover failed, site 18 

workers could be exposed; however, repairs could be made to re-esiabiish the cover's iniegrity. 19 

Future liability may be incurred because the waste is not destroyed. 20 

Reduction of Toxicity, Mobility, or Volume 21 

Capping does not remove, treat, or remediate the contaminated soil; it provides containment only. 22 

The soil and concrete covers are considered reversible - since the contaminants exceeding 23 
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remedial objectives remain onsite, they may be exposed if the cover fails due to poor maintenance. 

This alternative would not reduce toxicity, mobility, or volume. 2 

Short-Term Effectiveness 3 

Adverse impacts to the surrounding environment are not anticipated during cover construction; 4 

engineering controls would be applied to manage storm water runoff. Once design plans are 5 

approved, actual cover construction would be expected to take a relatively short time. During 6 

construction of covers, there would be a risk of dermal or gastrointestinal contact to construction 7 

workers and exposure to particulate emissions; however, this risk would be reduced by proper 8 

material handling practices and appropriate use of personal protective equipment (PPE). 9 

Temporary fencing would be installed around the work zone to control site access to remediation 10 

workers only. II 

It is anticipated that the time frame until remedial objectives are satisfied would be one to 12 

three months. Consequently, worker exposure to the contaminants would be minimal. 13 

Implementability 14 

A soil or concrete cover with institutional controls is technically and administratively feasible. 15 

This alternative could be readily applied at the site given that the proposed areas to be covered are 16 

easily accessible to site workers. The potential technical problems that might slow remediation 17 

activities are concrete, asphalt, and rail line removal for the soil cover alternative; approximately 18 

60% of L;c contaminated soil is beneath reinforced concrete and/or asphalt and/or rail iines. 19 

Implementation of this alternative would also involve placement of the cover, implementation of 20 

the institutional controls, and establishment of maintenance requirements. Future monitoring and 21 

maintenance would involve visually inspecting the cover periodically and repairing any damage 22 

or degradation (if required). However, repairs would be easily implemented. Soil covering would 23 
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not require any extraordinary services or materials. The cover location and 

material selection is not intended to interfere with future site use. 2 

Currently access to Combined SWMU 2 is through property leased to Carolina Marine Handling. 3 

This tenant's traffic, parking, and material storage practices may slow the implementation of this 4 

alternative. 

Cost 6 

Costs associated with surface capping areas where lead contamination exceeds 1,300 ppm 7 

(industrial reuse scenario) are presented in Tables 5.1 (soil) and 5.2 (concrete). The remediation 8 

costs for industrial reuse including institutional controls would be $214,600 for a soil cover and 9 

$236,710 for a concrete cover. Costs associated with surface capping areas where lead 10 

contamination exceeds 400 ppm (residential reuse scenario) are presented in Tables 5.3 (soil) and II 

5.4 (concrete). The remediation costs for residential reuse would be $381,155 for a soil cover and 12 

$320,425 for a concrete cover. Institutional controls would be required for the industrial reuse 13 

scenario because impacted soil exceeding the residential cleanup level would still represent an 14 

exposure threat. 15 

Action 

Capital Costs for Soil Cover 

Existing Surface Cover Excavation 

Hauling I~ ~I! 
Disposal 

Site'P~ilnn 
24-inch Soil Cover 

Table 5.1 
Soil Cover with Institutional Controls 

Industrial Scenario 

Quantity 

.:[$ ... 

5,500ft' 

21hn . 

140 yd' 

61Oyd' .. 
1,000 yd' 
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Cost per Unit 

.• $5;Q,OU.····· 
$4.00/ft' 

. . .... 
5801lir 

$20/yd' 

$l.,OtYd'.·. 
$8.00/yd' 

Total Cost 

. ·>...$5;000· 

$22,000 

. .... , .$1.680 
", .. , 

$2,800 

·~l;OOO 
$8,000 



Action 

Capital Costs for Soil Cover 

Vegetative Cover " 

Institutional Controls 

EngineeringfOvemght 

Contingency/Miscella...rteous 

Subtotal 

Operation and Maintenance Cost 

Inspection 

Subtotal 
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Table 5.1 
Soil Cover with Institutional Controls 

Industrial Scenario 

Quantity Cost per Unit 

14.000~ $O:04trr 

LS $50,000 

LS 20% 

LS '}~ at: 
~..J III 

LS 

LS $1,000 

Total Cost 

$560 

$50,000 

$18,200 

$22,760 

$132,000 

$1.000 

$6,000 

Present Value at 6% discount rate over 30 years $82,600 

Total $214,600 

Table 5.2 
Concrete Cover with Institutional Controls 

Industrial Scenario 

Action 

Capital Costs for Concrete Cover 

Site Preparation 

D~'S}'slem. " 

Concrete Surface (8 inches) 

Instilt!tio~C~ntrols .•••. ' • 

Capital Costs for Soil Cover 

Engineering/Oversight 

Coolingem?YJ~bilieous .•.... ". 

Subtotal 

Operation and Maintenance Cost 

Quantity 

. .......... .x.:s: .. 
670 yd' 

1..5 

950 yd' 

LS 

LS 

Ui 
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Cost per Unit 

·<$$;OOP ... " ... 

$1.50/yd' 

$25;@ 

$16.60/yd' 

$50,000 

Total Cost 

<.$5;000 .••.. 
".:"'::'" -. 

$1.000 

.. '$7,5~riOO .. 
$15,770 

$50.000 ... '. ' 

20% $19,350 

.25%: ··i.;· •• $24,lOO 

$140,310 
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Table 5.2 
Concrete Cover with Institutional Controls 

Industrial Scenario 

Action Quantity Cost per Unit 

Inspection LS $1,000 

Subtotal 

Present Value at 6% discount rate over 30 years 

Total 

Action 

Capital Costs for Soil Cover 

Existing Surface Cover Excavation 

Hauling In Landfill 

Disposal 

S~ l'rqiar~tion . . 

24-inch Soil Cover 

Ve$#ti~~:······ 

Table 5.3 
Soil Cover with Institutional Controls 

Residential Scenario 

Quantity 

LS 

24,000 ft' 

90brs 

600 yd' 

1,OOOydl 

4,000 yd' 

. 'S5,OOOft' >< 

Cost per Unit 

~5;()(jo . 
$4.00/ft' 

'S8(}/hr 

$20/yd' 

";$i,~4~ 
$8.00/yd' 

$()i~rff:' 

Total Cost 

$1,000 

$7,000 

$96,400 

$236,710 

Total Cost 

$5.000 
$96,000 

$7,200 

$12,000 

·~1,500. 

$32,000 

.;~;~(Xl 

Institutional Controls LS $50,000 $50,000 

en~n..el'~()rmight .... ,. 
Contingency/Miscellaneous 

Subtotal 

Operation and Maintenance Cost 

M~~ttYcr<30ye.arii ." 
Inspection 

Subtotal 

Present Value at 6% discount rate over 30 years 

Total 

'. r.s:AA~\> "·"$4.1;180 .. 
LS 

LS 

LS 
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25% 

.$5;~·· 

$1,000 

$51,475 

$298,555 

·...$$;000 
$1,000 

$6,000 

$82,600 

$381,155 
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Table 5.4 
Concrete Cover with Institutional Controls 

Residential Scenario 

Action 

Capital Costs for Concrete Cover 

Mohilil:aliQlllDemohilizatlon 

Grading/Site Preparation 

Drainage SysWll 

Concrete Surface (8 inches) 

lnstitulWnal CoiJtr()ls . 

Engineering/Oversight 

CootingencY!M~Jlaneous 

Subtotal 

Operation and Maintenance Cost 

Malntain<lralt!age and covet (go years) 

Inspection 

Subtotal 

Present Value at 6% discount rate over 30 years 

Total 

Quantity 

LS 

1,000 yd3 

LS 

4,400 yd' 

LS 

LS 

LS 

5.2.2 Alternative 2: In Situ Solidification/Stabilization 

Cost per Unit 

$5,000 . 

$1.50/yd3 

$25,000 

$16.60/yd' 

$50,000 . 

20% 

25% 

$6,000 

$1,000 

Total Cost 

$S,QOO 

$1,500 

$25,000 

$73,000 

$:50.000 . 

$30,900 

$38,625 

$224,025 

$6,000 

$1,000 

$7,000 

$96,400 

$320,425 

Solidification/stabilization (S/S) reduces the mobility of hazardous substances and contaminants 2 

in the environment through both physical and chemical means. The basic SIS procedure involves 3 

three steps: (1) mixing of a reagent with the soil, (2) curing the mixed product, and (3) storage or 4 

landfilling the treated soil. The soil and reagent can be mixed in situ by using a backhoe to apply 5 

and mix additives, or by using more sophisticated auger/caisson or injector-head systems. 6 

Leachability testing is performed to measure contaminant immobilization. 7 
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In Situ Solidification/Stabilization: Primary Criteria 

Overall Protection of Human Health and the Environment 2 

In situ SIS would eliminate the threat of dennal and gastrointestinal contact for future site workers. 3 

Contaminated soil would be left onsite indefinitely; however, the SIS process binds the 4 

contaminants and reduces mobility to ensure adequate protection. This alternative would protect 5 

human health and the environment by physically eliminating receptor pathways and controlling 6 

access through institutional controls. Short -tenn risks from inhalation and dennal contact during 7 

implementation would be controlled using common engineering techniques and the use of PPE. 8 

Attainment of Cleanup Standards 9 

In situ SIS would attain media cleanup standards as established by the Project Team by binding 10 

the contaminants, eliminating dennal and gastrointestinal contact. This alternative would thus Il 

minimize the threat to human health and the environment by eliminating potential migratory 12 

pathways. 13 

Source Control 14 

This alternative would provide effective source control by binding the contaminants and reducing 15 

their mobility thereby eliminating further releases that may threaten human health and the 16 

environment. 17 

Compliance with Waste Management Standards 18 

In situ SIS would physically bind contaminants in the soil. The potential for contact with 19 

contaminated soil is eliminated by removing the primary pathways. Implementation would need 20 

to comply with federal, state, and local air emissions and stonn water control regulations. This 21 

alternative would not trigger any location-specific regulations. 22 
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5.2.2.2 In Situ Solidification/Stabilization: Secondary Criteria 

Long-term Relinbility and Effectiveness 2 

In situ SIS would effectively reduce site worker contact with the contaminated soil. However, 3 

institutional controls might be required to ensure that the SIS soil remains in place. By managing 4 

Combined SWMU 2 as an industrial site and restricting land use, residual site risk would be 5 

eliminated. 6 

SIS would achieve reliable containment controls. However, future liability might be incurred 7 

because the waste would not be destroyed. 8 

Reduction of Toxicity, Mobility, or Volume 9 

In situ SIS does not remove the contaminated soil; it binds the contaminants and eliminates 10 

exposure pathways. This alternative would reduce mobility, but it could also almost double the 11 

volume of material. 12 

Short-Term Effectiveness 13 

Adverse impacts to the surrounding environment are not anticipated during implementation; 14 

engineering controls would be applied to manage storm water runoff. Implementation would be 15 

expected to take from one to three months. During implementation, there would be a risk of 16 

dermal or gastrointestinal contact to construction workers and exposure to particulate emissions; 17 

however, this risk would be reduced by proper material handling practices and appropriate use of 18 

PPE. Temporary fencing would be installed around the work zone to control site access to 19 

remediation workers only. 20 
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In situ SIS is technicaily and administratively feasible. However, concrete, asphalt, and part of 2 

the railroad would have to be removed before this alternative could be applied at the site, and the J 

residual material might interfere with future site use. 4 

Currently access to Combined SWMU 2 is through property leased to Carolina Marine Handling. 5 

This tenant's traffic, parking, and material storage practices may slow the implementation of this 6 

alternative. 7 

Cost 8 

Costs associated with in situ solidification/stabilization are presented in Tables 5.5 and 5.6. The 9 

total cost for areas where lead contamination exceeds 1,300 ppm (industrial reuse scenario) would 10 

be $375,095. The total cost for areas where lead contamination exceeds 400 ppm (residential II 

reuse scenario) would be $944,540. No O&M costs are associated with this alternative. 12 

Action 

Excavation 

Existing Surface Cover Excavation 

HaulingloLmdfilI .. 

Disposal 

Site Preparation 

Institutional Controls 

Subtotal 

Table 5.5 
In Situ Solidification/Stabilization 

Industrial Scenario 

Quantity Cost per Unit 

!.;S. .$1;000 

5,500 ft' $4.00/ft' 

'21tui 580:ihr 

140 yd' $20/yd' 

1,000 ydl $l.5(}!ydl 

LS $50,000 
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Total Cost 

. 
.. $1.000 . 

$22,000 

$1,680 '. 

$2,800 

$],50<) 

$50,000 

$78,980 



Action 

In Situ Solidification/Stabilization 

MobJlization/Demobilization 

Equipment Cost 

Opcratrorutl Ulx>f 

Engineering/Oversight 

C<>ntingeney1Miscellaneous 

Subtotal 

Total 

Action 

Excavation 

Existing Surface Cover Excavation 

HauliQgiO.Landfill 

Disposal 

. ·SiUl~il~n.·. 
Institutional Controls 

Subtotal 

In Situ Solidification/Stabilization 

Equipment Cost 

. Operational LaboT··· 
Engineering/Oversight 

CQnlingencyiMiBc¢llanenus . 

Subtotal 

Total 
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Table 5.5 
In Situ Solidification/Stabilization 

Industrial Scenario 

Quantity Cost per Unit 

LS $29;390 

I month $84,940/month 

113 h<>utS $3751br 

LS 20% 
. . LS .... 25%. 

Table 5.6 
In Situ Solidification/Stabilization 

Residential Scenario 

Quantity Cost per Unit 

is> ···>JS;@ . 
24,000 ft' $4.00/fi' 

... 00' brS •... .$8lJlbr .. 

600 yd' $20/yd' 

.. ··i;!XJQ.)'tl~ • .. ·$l$oiYd! 
LS $50,000 

·LS.. ...~;{i9U 

3 month $84,940/month 

S2Q $~7$Jhr 
LS 20% 

·LS ··25%. 
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Total Cost 

$29,890 

$84,940 

$64;875 

$51,740 

$64i~11) . 

$296,115 

$375,095 

Total Cost 

~s;iloO •... 
$96,000 

·.i~;~··· 
$12,000 

·'\$\;500. . 
.. • ,·;,d.:,·· 

$50,000 

$171,700 

.. $Z9.89().···· 
.. , :": 

$254,820 

.. $,195,000 

$130,280 

·$jii2~8So 
$772,840 

$944,540 
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5.2.3 Alternative 3: Excavation and Offsite Disposal at Landfill 

All contaminated soil exceeding concentrations calculated using the USEP A Blood Concentration 2 

Model would be excavated and disposed in an offsite landfill. Institutional controls would be 3 

required to minimize uncontrolled exposure for the industrial scenario. 4 

To achieve the residential scenario remedial objective «400 mg/kg lead), approximately 670 yd3 5 

of soil would require removal/disposal. To achieve the industrial scenario remedial objective 6 

« 1 ,300 mg/kg lead), approximately 2,950 yd3 of soil would require removal/disposal. 7 

The areas identified for remediation are delineated in Figures 2.2 and 2.3. The excavated soil 8 

would be stockpiled onsite and sampled for waste characterization by TCLP. Soil characterized 9 

as hazardous waste would be disposed of in a Subtitle C landfill. Soil characterized as 10 

nonhazardous would be disposed of in Subtitle D landfill. 11 

5.2.3.1 Excavation and Offsite Disposal at Landfill: Primary Criteria 12 

Overall Protection of Human Health and the Environment 13 

Excavation and offsite disposal protects human health and the environment by removing 14 

contaminated soil where risk exceeds calculated levels. This alternative, coupled with appropriate 15 

institutional controls for industrial reuse scenario, would eliminate risk to human health and the 16 

environment due to dermal and gastrointestinal contact. 17 

Short-term risks from inhalation and dermal contact during implementation would be minimal and 18 

could be controlled using common engineering techniques and appropriate PPE use. This 19 

alternative would comply with applicable waste management standards and chemical-specific 20 

regulations. 21 
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Excavation would attain media cleanup standards as established by the Project Team. 2 

Contaminated soil would be excavated at select locations until confirmation samples satisfy 3 

remedial objectives. Excavation is one of the most aggressive remedial technologies and would 4 

likely require the least time to attain cleanup standards. 5 

Source Control 6 

This alternative would eliminate the most contaminated media. If remediation for industrial reuse 7 

is chosen, institutional controls would further reduce the likelihood of additional risks by 8 

eliminating potential exposure pathways to residual contamination. 9 

Compliance with Waste Management Standards 10 

Excavation and offsite disposal meets chemical-specific regulations for the associated site-wide 11 

remedial objectives protective of future industrial site workers. Excavation activities onsite may 12 

require compliance with federal, state, and local air emissions and storm water control regulations. 13 

Transportation offsite would trigger U.S. Department of Transportation (DOT) regulations. Land 14 

disposal restrictions (LDRs) would be triggered if the contaminated soil were determined to be a 15 

hazardous waste. It is anticipated that some loads of Combined SWMU 2 excavated soil would 16 

be hazardous and some non-hazardous; toxicity characteristic leaching procedure (TCLP) analysis 17 

would be performed for verification. No location-specific regulations would be triggered by this 18 

alternative. 19 

5.2.3.2 Excavation and Offsite Disposal at Landfill: Secondary Criteria 

Long-tenn Reliability and Effectiveness 

20 

21 

This alternative would reduce the quantity of soil in which contaminant concentrations exceed 22 

concentrations calculated using the USEPA Blood Concentration Model. For the industrial reuse 23 
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scenario, minor institutional controls would be required to ensure that any exposure to human and 

environmental receptors is within protective levels. 2 

Removal to a landfill is a reliable and well established option because onsite risks are eliminated. J 

However, since the excavated soil would be transferred to a landfill, future liability might be 4 

incurred because the waste would not be destroyed. 5 

Reduction of Toxicity, Mobility, or Volume 6 

Excavation would eliminate the source area and therefore eliminate contaminants exceeding 7 

remedial objectives. This alternative includes the removal of the most contaminated soil from the 8 

site and disposal in a secure Subtitle CorD landfill (based on TCLP analysis of the waste). 9 

Because the source would no longer remain onsite after this technology is employed, excavation 10 

is considered to be irreversible. However, the waste's overall mobility, toxicity, and volume II 

would not be reduced with this alternative. 12 

Short-Tenn Effectiveness IJ 

The excavation operation would be sufficiently removed from the public to reduce health and 14 

safety concerns associated with soil removal. Temporary fencing would be installed around the 15 

work zone to control site access to remediation workers only. Excavation workers would be 16 

exposed to increased particulate emissions and might also have more dermal contact with 17 

hazardous constituents. However, worker risks can be reduced by implementing dust 18 

control tecimoiogies and a site-specific health and safety plan which specifies PPE, respiratory 19 

protection, etc. It is anticipated that remedial objectives would be satisfied within one to three 20 

months. Consequently, worker exposure to the contaminants would be minimal. 21 
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Excavation with offsite disposal is technically and administratively feasible at this site. Removal 2 

and offsite disposal are common remedial alternatives that have been applied at previous sites. 3 

The potential technical problems that might slow remediation activities are concrete, asphalt, and 4 

rail line removal to access contaminated soil, materials handling and disposal (standby time 5 

between confirmatory sampling and disposal), and potential foundation support measures (if 6 

required). The soil volumes are moderately small (approximately 2,950 yd3
), but approximately 7 

60% of the contaminated soil is beneath reinforced concrete and/or asphalt and/or rail lines. No 8 

future remedial actions would be required after this alternative is completed. 9 

Excavation with offsite disposal would not require any extraordinary services or materials. The 10 

Bee's Ferry Road Landfill in Charleston, SC is a Subtitle D facility which has accepted 11 

nonhazardous soil from interim removal actions on the base. The Safety-Kleen (pinewood) Inc. 12 

Landfill is a Subtitle C facility in Pinewood, SC, that will accept hazardous waste. 13 

Currently access to Combined SWMU 2 is through property leased to Carolina Marine Handling. 14 

This tenant's traffic, parking, and material storage practices may slow the implementation of this 15 

alternative. 16 

Costs 17 

Costs associated with excavation and offsite disposal are presented in Tables 5.7 and 5.8. The 18 

remediation costs for industrial reuse including institutional controls would be $199,970 for 19 

excavation and disposal to a nonhazardous, Subtitle D landfill and $318,970 for excavation and 20 

disposal to a hazardous, Subtitle C landfill. If the excavated soil were distributed between the 21 

nonhazardous and hazardous landfills based on TCLP characterization, the actual total cost would 22 

fall between these two extremes. The remediation costs for residential reuse would be $519,460 23 

for excavation and disposal to a nonhazardous, Subtitle D landfill and $1,159,350 for excavation 24 
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and disposal to a hazardous, Subtitle C landfill. As in the industrial scenario, the actual total cost 

would fall between these two extremes. No O&M costs are associated with this alternative. 2 

Action 

Removal Action 

Existing Surface Cover 
Excavation 

Transportation to Landfill 

Disposal 

Excavation 

ConfirmationlTCLP Samples 

Backfill 

Institutional Controls 

Subtotal 

Subtitle D Disposal Facility 

TtatiSporiation 
Soil Disposal 

EngineerlngiOveIlilght •.. 
, ... 

Contingency/Miscellaneons 

Subtotal 

Total (Subtitle D) 

Subtitle C Disposal Facility 

TraQspaitli.tloo 
Soil Disposal 

EngineeringtOversight 

Contingency/Miscellaneous 

Snbtotal 

Total (Subtitle C) 

Table 5.7 
Excavation and Offsite Disposal 

Industrial Scenario 

Quantity 

·LS . 

5,500 ft' 

211m 

140 yd' 

670yd~ 

35 samples 

. 670ydl 

LS 

670 yd' 

.. L(····· 

LS 

(f]O yd.; 

900 tons 

.. LS 

LS 
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Cost per Unit Total Cost 

. $5,000. 

$4.00/ft' 

S80lbt 

$20/yd' 

$20fydl 

$IOO/sample 

. ···.$15Jy(ij 

$50,000 

$5,000 

$22,000 

$1;680 

$2,800 

$1:),400 

$3,500 

. ·$10,050 

$50,000 

$108,430 

$36/yd' $24,120 

~~~i ········.i~1';~~ ..•• · . 
25% cost $34,480 

$91,540 

$199,970 

.... ·.· •. $8fYd' . . . ·$5,300 ..... 

$ 150/ton $135,000 

·2tl~Crist . >$2$,0#.-
25% cost $42,180 

$210,540 

$318,970 



Action 

Removal Action 

MobijizationJDelllobllizallon 

Existing Surface Cover 
Excavation 

Transportation 10 Landfill 

Disposal 

El(cavation 

Confirmation/TCLP Samples 

Backfill 

Subtotal 

Subtitle D Disposal Facility 

Transportation 

Soil Disposal 

Et!gine!!rlng{Ovetsig!it 

Contingency/Miscellaneous 

Subtotal 

Total (Subtitle D) 

Subtitle C Disposal Facility 

·~ti(}n> 

Soil Disposal 

EngmeeringtOverslglit 

Contingency/Miscellaneous 

Subtotal 

Total (Subtitle C) 
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Table 5.8 
Excavation and Offsite Disposal 

Residential Scenario 

Quantity 

LS 

24,000 fl2 

!lOin's • 
600 yd' 

·Z,9SoYtt' . 
150 samples 

29S0y(f ... 

2,9S!)yd' 

2,950 yd' 

til· 
LS 

. . ...... ·2:9$0·1<1)/ 

3,980 tons 

LS·· 

LS 
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Cost per Unit 

$5,000 

$4.oo/fl' 

$801br 

$20/yd' 

$20JYi;l' 

$Ioo/sample 

$15/)'d' . 

$81Y4' 

$36/yd' 

. ·20% eJ)st 

25% cost 

$150/ton 

• 20$ crist· 

25% cost 

Total Cost 

$5,000 

$96,000 

$7,200 

$12,000 

$59;000 

$15,000 

·$44,250· 

$228,450 

$tJ,600 

$106,200 

$11,650 

$89,560 

$291,010 

$519,460 

$597,000 

. $124,12(} . 

$186,180 

$930,900 

$1,159,350 
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5.2.4 Alternative 4: Excavation and Treatment by Chemical Extraction 

This process uses an acid, such as hydrochloric acid, to extract heavy metal contaminants from 2 

soils. In this process, all contaminated soil exceeding concentrations calculated using the 3 

USEPA Blood Concentration Model would be excavated and treated or disposed of. The 4 

excavated soil would be stockpiled onsite and sampled for waste characterization by TCLP. Soil 

characterized as nonhazardous would be disposed of in Su btitle D landfill. Soil characterized as 6 

h~7~rtloll~ wa~te would hI' ~crl'/'netl to remove coar~e ~olitl~ then mixetl with hvtlro~hlori~ ~~itl 7 
--~------- ----- ------- -- --------- -- -------- ------- ------. ------------- .. _----.1----------- ----

in an extraction unit. The residence time in the extraction unit depends on the soil type, 8 

contaminants, and contaminant concentrations, but generally ranges from 10 to 40 minutes. The 9 

soil-extractant mixture is pumped out of the mixing tank, and the soil and extractant are separated 10 

using hydrocyclones. The cleaned soil fraction can be returned to the site for continued use. 11 

To achieve the residential scenario remedial objective « 400 mg/kg lead), approximately 670 yd3 
12 

of soil would require excavation/treatment. To achieve the industrial scenario remedial objective 13 

« 1,300 mg/kg lead), approximately 2,950 yd3 of soil would require excavation/treatment. 14 

Institutional controls would be required to minimize uncontrolled exposure for the industrial 15 

scenario. 16 

5.2.4.1 Excavation and Treatment by Chemical Extraction: Primary Criteria 17 

Overall Protection of Human Health and the Environment 18 

Excavation and treatment by chemical extraction protects human health and the enviromnent by 19 

removing contaminants exceeding concentrations calculated using the USEP A Blood Concentration 20 

Model. This alternative, coupled with appropriate institutional controls for industrial reuse 21 

scenario, would eliminate risk to human health and the enviromnent due to dermal and 22 

gastrointestinal contact. 23 
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Short -tenn risks from inhalation and dennal contact during implementation would be minimal and 

could be controlled using common engineering techniques and appropriate PPE. This alternative 2 

would comply with applicable waste management standards and chemical-specific regulations. 3 

Attainment of Cleanup Standards 4 

Excavation and treatment by chemical extraction would attain media cleanup standards as 5 

established by the Project Team. Contaminated soil would be excavated at select locations until 6 

confinnation samples satisfy remedial objectives. The contaminated soil would be treated to 7 

remove contaminants, then backfilled to the site. The duration of chemical extraction is typically 8 

one to two months for this volume of soil. 9 

Source Control 10 

This alternative would provide effective source control by removing contaminants from the most II 

contaminated soil. If remediation for industrial reuse is chosen, institutional controls would 12 

further reduce the likelihood of additional risks by eliminating potential exposure pathways to 13 

residual contamination. 14 

Complwnce with Waste Management Standards 15 

Excavation and treatment by chemical extraction meets chemical-specific regulations for the 16 

associated site-wide remedial objectives protective of future industrial site workers under the 17 

industrial reuse scenario and future site residents under the residential reuse scenario. Excavation 18 

and trcat.l"TIent activities onsite inay require cOrllpliance witli federal, state, and ioeal air emissions 19 

and stonn water control regulations. Treated soil would be analyzed to detennine residual lead 20 

concentrations. No location-specific regulations would be triggered by this alternative. 21 
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5.2.4.2 Excavation and Treatment by Chemical Extraction: Secondary Criteria 

Long-tenn Reliability and Effectiveness 2 

This alternative would reduce the quantity of soil in which contaminant concentrations exceed 3 

concentrations calculated using the USEP A Blood Concentration Model. Minor institutional 4 

controls may be required for the industrial reuse scenario to ensure that any exposure to human 5 

and environmental receptors is within protective levels. 6 

Chemical extraction does not destroy contaminants - instead the contaminants are separated from 7 

the soil. thereby reducing the hazardous waste volume. Because the contaminants are transferred 8 

from the soil to the extractant, the extractant requires further treatment. 9 

Reduction of Toxicity, Mobility, or Volume IO 

Chemical extraction reduces site contamination by removing contaminants from the soil. With this 11 

alternative, site toxicity, contaminant mobility, and hazardous waste volume would be reduced. 12 

Residual contamination would remain onsite at concentrations below remedial objectives. 13 

Short-Tenn Effectiveness 14 

The excavation and treatment operation would be sufficiently removed from the public to reduce 15 

health and safety concerns associated with soil removal. Temporary fencing would be installed 16 

around the work zone to control site access to remediation workers only. Remediation workers 17 

would be exposed to increased particulate emissions and might also have more dermal contact with 18 

hazardous constituents. However, worker risks can be reduced by implementing dust 19 

control technologies and a site-specific health and safety plan specifying PPE, respiratory 20 

protection, etc. It is anticipated that remedial objectives would be achieved in approximately one 21 

month for the industrial scenario and two months for the residential scenario. Consequently, 22 

worker exposure to contaminants would be minimal. 23 
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Chemical extraction is technically and administratively feasible at Combined SWMU 2. 2 

Commercial-scale units for chemical extraction are in operation. The potential technical problems 3 

that might slow remediation activities are concrete, asphalt, and rail line removal to access 4 

contaminated soil, materials handling and backfill to the site (standby time between confirmatory 5 

sampling and backfill), and potential foundation support measures (if required). The soil volumes 6 

are moderately small (approximately 2,950 yd3
), but approximately 60% of the contaminated soil 7 

is beneath reinforced concrete and/or asphalt and/or rail lines. No future remedial actions would 8 

be required after this alternative is completed. 9 

Currently access to Combined SWMU 2 is through property leased to Carolina Marine Handling. 10 

This tenant's traffic, parking, and material storage practices may slow the implementation of this 11 

alternative. 12 

Costs 13 

Costs associated with excavation and treatment by chemical extraction are presented in Tables 5.9 14 

and 5.10. The total cost for excavation and treatment by chemical extraction for an industrial-use 15 

scenario including application of institutional controls, would be $1,159,940. Alternatively, the 16 

total cost for excavation and treatment by chemical extraction for a residential-use scenario would 17 

be $1,657,420. These costs were calculated based on the worst case, which is all excavated soil 18 

is characterized as hazardous waste. If the excavated soil were distributed between the 19 

nonhazardous and hazardous based on TCLP characterization, the actual total cost would be less. 20 

No O&M costs are associated with this alternative. 21 
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Table 5.9 
Excavation and Treatment by Chemical Extraction 

Industrial Scenario 

Action 

Excavation 

MoblliZatiQtl/DemoblliZllllQll 

Existing Surface Cover 
Excavation 

Hauling:to Landfill . 

Disposal 

Site Pr~tk>n .' 

Soil Excavation 

CoofirmatiorilTCLP Samples 

Institutional Controls 

Subtotal 

Chemical Extraction 

Site Preparation. 

Mobilize and Assemble 

Pre!X'¢atroent .Unit 
Start-up Charge 

~e~riit~··· 
Process Equipment Rental 

·t>~~s··~············ 
Consumables 

~j:iOvttrS~ .. 
Contingency/Miscellaneous 

Subtotal 

Total 

Quantity 

LS 
5,500 ft' 

2~~ •. 

140 yd' 
. "'7:;'""d' , "":.:." . ....'" "y •..... 

670 yd' 

35 samPles .. 
LS 

""'. LS·· . 

LS 

'LS" 

LS 

:···W·:" 
I month 

···l_·."···"·· 
670 yd' 

'IS 

LS 

5-30 

Cust per Unit Total Cost 

$5,000 

$4.OO/ft' 

$5,000 

$22,000 

$1;680 

$20/yd' $2,800 

~~,s9(id'> $1;000 
$20/yd' $13,400 

' .• $lOOl~le .• ' '$3,500 

$50,000 $50,000 

$99,380 

$166,500 $166,500 

< .:·$.5$;;OQ.~ ..• '. ····$5S.;~ .. 00.' ...•.... 
: :';' ''':, ::--:',: .": '<'. 

$33,800 $33,800 

... · "'$,i~;3ilO; · •. ··.$15,~OO··.·· 
$164,OOO/m $164,000 

$34/yd' $22,780 

·2i)*i~~;;.i$~S~i~ .. 
25% cost $199,990 

$1,060,560 

$1,159,940 



Action 

Removal Action 

MobilizatiQtllDemobllization 

Existing Surface Cover 
Excavation 

Hauling wLaiidfili . 

Disposal 

Sit~ Preparation 

Soil Excavation 

Subtotal 

Chemical Extraction 

Site Ptepatati01l 

Mobilize and Assemble 

Pttu'Camlent uirit 
Start -up Charge 

.~~, 

Process Equipment Rental 

, Procle~$i~,· 
Consumables 

'&;gibeeri;ii,i/OwmSht 
Contingency/Miscellaneous 

Subtotal 

Total 
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Table 5.10 
Excavation and Treatment by Chemical Extraction 

Residential Scenario 

Quantity 

. LS' 

24,000 ft' 

90brs 

600 yd' 

1,000 yd' 

2,950 yd' 

lSO.samples· ... 

LS 

LS 

LS· 

LS 

LS 

2 month 

... .2montb 

2,950 yd' 

LS· 

LS 

Cost per Unit Total Cost 

$5,000 .. 

$4 . 00 1ft' 

$801hr 

$20/yd' 

$1;5OIy<l' . 

.$5,0Q0 

$96,0Q0 

... ·.$7,200 

$12,0Q0 

$1,500 

$20/yd' $59,0Q0 

stOOlsample ... ' '$15,000 

$195,700 

.' 5125;000 ,> •... ·.$125,000 

$166,500 $166,500 

. ·~S~;500· •.•. $55,500 

$33,800 $33,800 

'$??:;300 '. <$7~,300 
$164,OOO/m $328,000 

···'<~1;1q6fl!l'$H~,4W . 
$34/yd' $100,300 

·,2Q$c6~;~·,<$~610 

25% cost $285,760 

$1,514,170 

$1,657,420 

5.2.5 Alternative 5: Excavation and Treatment by Soil Washing 

Soil washing separates contaminants sorbed onto fine soil particles from bulk soil in an 

aqueous-based system based on particle size. In this process, all contaminated soil exceeding 2 

concentrations calculated using the USEP A Blood Concentration Model would be excavated and 3 
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treated or disposed of. The excavated soil would be stockpiled onsite and sampled for waste 

characterization by TCLP. Soil characterized as nonhazardous would be disposed of in Subtitle D 2 

landfill. Soil characterized as hazardous waste would be washed with water augmented with a 3 

basic leaching agent, surfactant, pH adjustment, or chelating agent to help remove contaminants. 4 

The cleaned soil fraction can be returned to the site for continued use. 5 

Soil washing removes contaminants from soils by either: 6 

• Dissolving or suspending them in the wash solution (which can be sustained by chemical 7 

manipUlation of pH). 8 

• Concentrating them into a smaller volume of soil through particle-size separation, gravity 9 

separation, and attrition scrubbing. 10 

Soil washing is a media transfer technology. The contaminated water generated from soil washing 11 

must be treated for lead. 12 

13 

To achieve the residential scenario remedial objective ( < 400 mglkg lead), approximately 670 yd3 14 

of soil would require excavation/treatment. To achieve the industrial scenario remedial objective 15 

( < 1,300 mg/kg lead), approximately 2,950 yd3 of soil would require excavation/treatment. 16 

Institutional controls would be required to minimize uncontrolled exposure for the industrial 17 

scenario. 18 

5.2.5.1 Excavation and Treatment by Soil Washing: Primary Criteria 19 

Overall Protection of Human Health and the Environment 20 

Excavation and treatment by soil washing protects human health and the environment by removing 21 

soil contaminants exceeding concentrations calculated using the USEP A Blood Concentration 22 
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Model. This alternative would eliminate risk to human health and the environment due to dermal 

and gastrointestinal contact. Appropriate institutional controls are required for the industrial reuse 2 

remediation option. 3 

Short -term risks from inhalation and dermal contact during implementation would be minimal and 4 

could be controlled using common engineering techniques and appropriate PPE. This alternative 5 

would comnlv with annlicahle wa~te mana~ement standards and chemical-snecific rewlations. " 
~---- .I J -.- ... --------- ------ ---------Q-------- - .I..., 

Attainment of Cleanup Standards 7 

Excavation and treatment by soil washing would attain media cleanup standards as established by 8 

the Project Team. Contaminated soil would be excavated at select locations until confirmation 9 

samples satisfy remedial objectives. The contaminated soil would be treated to remove 10 

contaminants then backfilled to the site. Soil washing typically takes one to two months for this II 

~~~~. U 

Source Control 13 

This alternative would provide effective source control by removing contaminants from the most 14 

contaminated soil. Institutional controls for the industrial reuse scenario would furtber reduce the IS 

likelihood of additional risks by eliminating potential exposure pathways to residual contamination. 16 

Compliance with Waste Management Standards 17 

Excavation and treatment by soii washing meets chemical-specific regulations for the site-wide 18 

remedial objectives protective of future industrial site workers under the industrial reuse scenario 19 

and future site residents under the residential reuse scenario. Excavation and treatment activities 20 

onsite may require compliance with federal, state, and local air emissions and storm water control 21 

regulations. Treated soil would be analyzed to determine residual lead concentrations. No 22 

location-specific regulations would be triggered by this alternative. 23 
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5.2.5.2 Excavation and Treatment by Soil Washing: Secondary Criteria 

Long-term Reliability and Effectiveness 2 

This alternative would reduce the quantity of soil in which contaminant concentrations exceed 3 

concentrations calculated using the USEP A Blood Concentration Model. Minor institutional 4 

controls may be required for the industrial reuse scenario to ensure that any exposure to human 5 

and environmental receptors would be within protective levels. 6 

Soil washing does not destroy contaminants - instead the contaminants are separated from the 7 

soil, thereby reducing the hazardous waste volume. Because the contaminants are transferred from 8 

the soil to the wash water, this wastewater requires further treatment. 9 

Reduction of Toxicity, Mobility, or Volume 10 

Soil washing reduces site contamination by removing contaminants from the soil. With this 11 

alternative, site toxicity, contaminant mobility, and hazardous waste volume would be reduced. 12 

Residual contamination would remain onsite at concentrations below remedial objectives. 13 

Short-Term Effectiveness 14 

The excavation and treatment operation would be sufficiently removed from the public to reduce IS 

health and safety concerns associated with soil removal. Temporary fencing would be installed 16 

around the work zone to control site access to remediation workers only. Remediation workers 17 

would be exposed to increased particulate emissions and might also have more dermal contact with 18 

hazardous constituents. However, worker risks can be reduced by implementing dust 19 

control technologies and a site-specific health and safety plan specifying PPE, respiratory 20 

protection, etc. Remedial objectives can probably be met in approximately one month. 21 

Consequently, worker exposure to the contaminants would be minimal. 22 
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Soil washing is technically and administratively feasible at Combined SWMU 2. Commercial- 2 

scale units for soil washing are available. The potential technical problems that might slow 3 

remediation activities are concrete, asphalt, and rail line removal to access contaminated soil, 4 

materials handling, backfilling to the site (standby time between confirmatory sampling and 5 

backfill), and potential foundation support measures (if required). The soil volumes are 6 

moderately small (approximately 2,950 yd3
), but approximately 60% of the contaminated soil is 7 

beneath reinforced concrete and/or asphalt and/or rail lines. No future remedial actions would be 8 

required after this alternative is completed. 9 

Currently access to Combined SMWU 2 is through property leased to Carolina Marine Handling. 10 

This tenant's traffic, parking, and material storage practices may slow the implementation of this 11 

alternative. 12 

Cost 13 

Costs associated with excavation and treatment by soil washing are presented in Tables 5.11 and 14 

5.12. The total cost for excavation and treatment by soil washing for an industrial use scenario, 15 

including application of institutional controls, would be $619,310. Alternatively, the total cost 16 

for excavation and treatment by soil washing for a residential-use scenario would be $914,520. 17 

These costs were calculated based on the worst case, which is all excavated soil is characterized 18 

as hazardous waste. If the excavated soil were distributed between the nonhazardous and 19 

hazardous based on TCLP characterization, the actual total cost would be less. No O&M costs 20 

are associated with this alternative. 21 
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Action 

Excavation 

MobilizalionJDemobilizalion 

Existing Surface Cover 
Excavation 

Hauling 10 Landfill 

Disposal 

Site Preparation 

Soil Excavation 

ConflTlllJllionlTCLP Samples . 

Institutional Controls 

Subtotal 

Soil Washing 

Siliip~tWn 

MobilizelDemobilize 

i'I<:lrealmem Unit 

Startup/Shakedown 

~ntaminate 

Process Equipment Rental 

ProCess Laoor 
Maintenance/Spare Parts 

COil$wnables 

Engineering/Oversight 

ContiogencylMi.seeUaneous . 

Subtotal 

Total 
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Table 5.11 
Excavation and Treatment by Soil Washing 

Industrial Scenario 

Quantity 

15 

5,500 ft' 

21 hts 

140 yd' 

670yd) 

670 yd' 

35 samples 

LS 

LS 
LS 

LS 

LS 

LS 

1 month 

36hoUTS 

900 tons 
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Cost per Unit 

$5,000 

$4.00/ft' 

$801br 

$20/yd' 

$1.5Oryd' 

$20/yd' 

$lOO/sampie 

$50,000 

$125000" ., 
$15,000 

$S5;S(lG .•..• 

$17,000 

·.·$2!iO .• ·· 

$81 ,OOO/m 
.. 

. ·.$2sSIhf 
$2.24/ton 

.$34lyd' .. 

20% cost 

2S%,COst·· 

Total Cost 

$5,000 

$22,000 

$1,680 

$2,800 

$1,000 

$J3,400 

$3,500 

$50,000 

$99,380 

$l25.000 

$15,000 

"$55,500 . 

$]7 ,000 

$250 

$81,000 

$9,180 .' 

$2,020 

$22;780 

$85,420 
.... 

$106,1$0·· 

$519,930 

$619,310 



Action 

Removal Action 

MobilizatiowDentobilization 

Existing Surface Cover 
Excavation 

Hauling to Landfill 

Disposal 

Site Preparation 

Soil Excavation 

ConflJ1Jl3tionlTCLP Sample. 

Subtotal 

Soil Washing 

Site Preparation 

Mobilize/Demobilize 

P«'t~eatm¢nt Unit 

Startup/Shakedown 

DeCOtltaminate 

Process Equipment Rental 

Process. Labor . 

Consumables 

EtigineeringlOv~rsillht 

Contingency/Miscellaneous 

Subtotal 

Total 
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Table 5.12 
Excavation and Treatment by Soil Washing 

Residential Scenario 

Quantity 

LS 

24,000 ft' 

9Qbrs 

600 yd' 

I,OOOydl 

2,950 yd' 

150 samples 

LS 

LS 

LS 
LS 

L5 

1 month 

SObours 

2,950 yd' 

LS. 

LS 

Cost per Unit 

$5,000 

$4.oo/ft' 

$801hr 

$20/yd' 

.$1.501yd' . 

$20/yd' 

$lOG/sample 

$125.000 

$15,000 

$'5.500 
$17,000 

·$250 

$95,OOO/m 

. ·$34QIIir 

$34/yd' 

20.% cost 

25% cost 

Total Cost 

$5,000 

$96,000 

$7.200 

$12,000 

$1.500 

$59,000 

$15,000 

$195,700 

$125,000 

$15,000 

$55.500 

$17,000 

.. $250 

$95,000 

s:mWO 
$100,300 

$126,190 

$157,380 

$718.820 

$914,520 

5,2.6 Alternative 6: Ex Situ SolidificationlStabilization 

Solidification/stabilization (SIS) reduces the mobility of hazardous substances and contaminants 

in the environment physically and chemically. Ex situ SIS offers greater control of the mixing 2 
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process than in situ SIS. With ex situ SIS the soil is excavated, stockpiled onsite, and sampled for 

waste characterization by TCLP. Soil characterized as nonhazardous would be disposed of in 2 

Subtitle D landfill. Soil characterized as hazardous waste would be screened to ensure 3 

homogeneity, then treated by SIS: (1) mixing a reagent with the soil, (2) curing the mixed 4 

product, and (3) storage or landfilling the treated soil. The end products of SIS have potential 5 

reuse value as construction or fill material. If the product can be used, the expenses of disposal 6 

or landfilling can be eli.tllinated. "7 

All contaminated soil exceeding concentrations calculated using the USEP A Blood Concentration R 

Model would be excavated and treated onsite. Institutional controls would be required to minimize 9 

uncontrolled exposure for the industrial scenario. 10 

To achieve the residential scenario remedial objective « 400 mglkg lead), approximately 670 yd3 
11 

of soil would require excavation/treatment. To achieve the industrial scenario remedial objective 12 

« 1 ,300 mglkg lead), approximately 2,950 yd3 of soil would require excavation/treatment. 13 

5.2.6.1 Ex Situ Solidification/Stabilization: Primary Criteria 14 

Overall Protection of Human Health and the Environment 15 

Ex situ SIS with offsite disDosal Drotects human health and the environment bv removinp and 16 
L .I- - - - - - '" - - --- ~ -~-o -----

treating contaminated soil exceeding concentrations calculated using the USEPA Blood 17 

Concentration Model. This alternative would eliminate risk to human health and the environment 18 

due to dermal and gastrointestinal contact. 19 

Short -term risks from inhalation and dermal contact during implementation would be minimal and 20 

could be controlled using common engineering techniques and appropriate PPE. This alternative 21 

would comply with applicable waste management standards and chemical-specific regulations. 22 
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Ex situ SIS would attain media cleanup standards as established by the Project Team. 2 

Contaminated soil would be excavated at select locations until confirmation samples satisfy 3 

remedial objectives. Excavated soil would then be treated by SIS to physically bind the 4 

contaminants. 5 

Source Control 6 

This alternative would provide effective source control by eliminating the most contaminated 7 

media. For the industrial scenario, institutional controls would reduce the likelihood of additional 8 

risks by eliminating potential exposure pathways to residual contamination. 9 

Compliance with Waste Management Standards 10 

Ex situ SIS meets chemical-specific regulations for the associated site-wide remedial objectives II 

protective of future industrial site workers. Excavation and treatment activities onsite may require 12 

compliance with federal, state, and local air emissions and storm water control regulations. 13 

Transportation offsite would trigger DOT regulations. Land disposal restrictions would be 14 

triggered if the contaminated soil were determined to be a hazardous waste. TCLP analysis would 15 

be performed to verify that the treated soil is nonhazardous. No location-specific regulations 16 

would be triggered by this alternative. 17 

5.2.6.2 Ex Situ Solidification/Stabilization: Secondary Criteria 18 

Long-term Reliability and Effectiveness 19 

This alternative would remove and treat the contaminated soil that exceeds concentrations 20 

calculated using the USEPA Blood Concentration Model. 21 
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Ex situ SIS is a reliable treatment option that eliminates onsite risks. Because the excavated soil 

is treated to bind contaminants, future liability for this option is less than it would be for the 2 

excavation and offsite disposal alternative. 3 

Reduction of Toxicity, Mobility, or Volume 4 

Ex situ SIS eliminates contaminants that exceed remedial objectives by removing them from the 5 

site. This alteutative includes the reruoval of tale most contatuinated soil, treaulient to bind tt'e 6 

contaminants, and disposal in a Subtitle D landfill. Because the source would no longer remain 7 

onsite, this alternative is considered to be irreversible. Contaminant mobility is reduced with this 8 

alternative; however, the waste volume could double. 9 

Shon-Term Effectiveness 10 

The excavation and treatment remedy would be sufficiently removed from the public to reduce 11 

health and safety concerns associated with this operation. Temporary fencing would be installed 12 

around the work zone to control site access to remediation workers only. Workers would be 13 

exposed to increased particulate emissions and might also have more dermal contact with 14 

hazardous constituents. However, worker risks can be reduced by implementing dust 15 

control technologies and a site-specific health and safety plan specifying PPE, respiratory 16 

protection. etc. Remedial objectives could probably be achieved within one to two months. 17 

Consequently, worker exposure to the contaminants would be short-term and minimal. 18 

Implementability 19 

Ex situ SIS with offsite disposal is technically and administratively feasible for this site. Ex situ 20 

SIS with offsite disposal is a common remedial alternative that has been applied at previous sites. 21 

The potential technical problems that might slow remediation activities are concrete, asphalt, and 22 

rail line removal to access contaminated soil, materials handling and disposal (standby time 23 

between confirmatory sampling and disposal), and potential foundation support measures (if 24 
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required). The soil volumes are moderately small (approximately 2,950 yd3
), but approximately 

60% of the contaminated soil is beneath reinforced concrete and/or asphalt and/or rail lines. No 2 

future remedial actions would be required after this alternative is completed. 3 

Ex situ SIS may require up to 4,000 tons of binding material. The Bee's Ferry Landfill in 4 

Charleston, SC is a Subtitle D facility, which has accepted nonhazardous material from interim 5 

removal actions on the base. 6 

Currently access to Combined SWMU 2 is through property leased to Carolina Marine Handling. 7 

This tenant's traffic, parking, and material storage practices may slow the implementation of this 8 

alternative. 9 

Costs 10 

Costs associated with ex situ SIS with offsite disposal are presented in Tables 5.13 and 5.14. The 11 

total cost for ex situ SIS with offsite disposal to a nonhazardous, Subtitle D landfill would be 12 

$404,480 for the industrial scenario and $1,022,180 for the residential scenario. These costs were 13 

calculated based on the worst case, which is all excavated soil is characterized as hazardous waste. 14 

If the excavated soil were distributed between the nonhazardous and hazardous based on TCLP 15 

characterization, the actual total cost would be less. No O&M costs are associated with this 16 

alternative. 17 
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Action 

Excavation 

Mobilization/Demobilization 

Existing Surface Cover 
Excavation 

Hauling 10 Landfill 

Disposal 

Site Prcparat(Q:n 

Soil Excavation 

CoofirmationITCLp Samples 

Institutional Controls 

Subtotal 

Solidification/Stabilization 

SiIeP~l)· .•• ·• 

MobilizelDemobilize 

ScreetJing U!1l1 

Decontaminate 

Pr""" •• Equ!pment:Renla! 

Process Labor 

C\lem\Cal Additives· 
Engineering/Ovefsighi 

Conliti!ienei1M'~u;weiliis 
Subtotal 
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Table 5.13 
Ex Situ Solidification/Stabilization 

Industrial Scenario 

Quantity 

LS 

5,500 ft' 

21hrn 

140 yd' 

> (10),d' 

670 yd' 

35 samples 

LS 

·LS 

LS 

LS 

LS 

I month 

96 hours 

900 toos 

LS 

LS 

5-42 

Cost per Unit 

$5,000 

$4.00/ft' 

$8OlIlr 

$20/yd' 

$1.5(1),<1' 

$20/yd' 

$IOO/sample 

$50,000 

$4O,oi)() 

$15,000 

$15;000 

$250 

$15,<JP(lfm 

$451hr 

:$ibOltOn 
20% COSt 

Total Cost 

$5,000 

$22,000 

$1.61ID 

$2,800 

$1,000 

$13,400 

$3.SOO 

$50,000 

$99,380 

,'$40,000 

$15,000 

$15.000 

$250 

$15,000 

$4,320 

. • ... ,,"" 000, 
.. :~.~ 

$55,790 

$305,100 

$404,4110 



Action 

Excavation 

MobilizatiQn!Demobil~tion 

Existing Surface Cover 
Excavation 

Hauling to Landfill . 

Disposal 

Site Preparation 

Soil Excavation 

C(lofunwionlTCLP Samples··· 

Subtotal 

Solidification!Stabil~tion 

Site Ptepl\t~tion 

MobilizelDemobilize 

Screenil)gUriit 

Decontaminate 

• Proces~J:;qulpmenlRental·. ..:.. . 

Process Labor 

C~MntiVes •. ·•···•···· 
Engineering/Oversight 

aiirtfu~iMisCe1_~uS·· .. 
Subtotal 

Total 
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Table 5.14 
Ex Situ Solidification/Stabilization 

Residential Scenario 

Quantity 

LS 

24,000 ft' 

90brs . 

600 yd' 

t,OOOydj 

2,950 yd' 

150 $atnpl~ 

LS 

LS 

LS 
LS 

··2 inonths 

200 hours 

4.000toil$ . . . ,. 

Cost per Unit 

$5;000 

$4.00/ft' 

$801br 

$20/yd' 

. $1.5Ofy4' 

$20/yd' 

·SlOO1sample 

$40~000 

$15,000 

$15,000 

$250 

$15;@lin 

Total Cost 

$5;000 

$96.000 

$7,200 

$12,000 

$1,500 

$59,000 

$15.000 

$195,700 

$40,000 

$15,000 

·$15,000 

$250 

·$30000 .. " .. 
$451br $9,000 

$IOO~:;' ··~j)(},OOO 
20% cost $140,990 

·25%~sL ·.·.$ijli~24ri.· 

$826,480 

$1,022,180 

5.3 Comparative Analysis of Soil Alternatives 

This section comparatively analyzes soil remedial alternatives, examining potential advantages and 2 

disadvantages according to each of the nine criteria. All the alternatives evaluated in Section 5.2 3 

are technically feasible, implementable, and have been developed and used at other sites. All 4 

alternatives generally protect human health. All alternatives, except institutional control, protect 5 
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the environment. State and community acceptance would be determined in the same manner for 

each alternative. The key criteria that distinguish LlJe soil alternatives focus are long-term 2 

reliability and effectiveness, reduction of mobility, toxicity, and volume, short -term effectiveness, 3 

implementability, and cost. 4 

5.3.1 Primary Criteria 

All alternatives con~idered for selection mmt comply with the primary criteria: protection of 6 

human health and the environment, attainment of cleanup standards, source control, and 7 

compliance with applicable waste management standards. 8 

Overall Protection of Hwnan Health and the Environment 9 

This criterion evaluates the overall degree of protectiveness afforded to human health and the 10 

environment. It draws on the assessments conducted under other evaluation criteria, especially II 

the other three primary criteria. 12 

Alternative 1, a low-permeability surface cap, would protect receptors by limiting contact with 13 

contaminated soil and reducing mobility by reducing rainwater infiltration. The soil would remain 14 

onsite, but risks would be reduced by elimination of dermal contact and ingestion pathways. 15 

Alternative 2, in situ solidification/stabilization, would protect human health and the environment 16 

by immobilizing contaminants that contribute to site risk. This alternative eliminates dermal 17 

contact and ingestion pathways. 18 

Alternative 3, excavation and offsite disposal, protects human and health and the environment by 19 

removing affected soil media. Excavation and offsite disposal aim to remove point risk to 20 

remedial objectives. 21 
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Alternative 4, excavation and treatment by chemical extraction, protects human health and the 

environment by transferring contaminants from the soil to an extractant, which is treated and 2 

disposed of. This alternative would eliminate dermal contact and ingestion pathways. 3 

Alternative 5, excavation and treatment by soil washing, protects human health and the 4 

environment by transferring contaminants from the soil to wash water, which is treated and 5 

disposed of. This alternative would eliminate dermal contact and ingestion pathways. 6 

Alternative 6, ex situ solidification/stabilization, protects human health and the environment by 7 

removing and immobilizing contaminants that contribute to site risk. This alternative would 8 

eliminate dermal contact and ingestion pathways. 9 

Attainment of Cleanup Standards 10 

Alternative 1 would not comply with remedial objectives for protection of human health and the 11 

environment because the contaminated soil would remain onsite; however, the risk pathway is 12 

eliminated by capping the contaminated soil. 13 

Alternative 2 would comply with remedial objectives by chemically and physically binding 14 

contaminants, eliminating dermal and gastrointestinal contact. 15 

Alternative 3 would comply with remedial objectives by removing soil in which contaminants 16 

exceed remedial objectives. i7 

Alternatives 4 and 5 would comply with remedial objectives by removing contaminants that exceed 18 

remedial objectives from the soil. 19 
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Alternative 6 would comply with remedial objectives by removing and immobilizing soil in which 

contaminants exceed remedial objectives. 2 

Source Control J 

Alternative I would not remove the source. However, this alternative would effectively control 4 

the source by eliminating further releases that may threaten human health or the environment. 5 

However, contaml!lated soil would remain o:nsite. 6 

Alternative 2 would effectively control the source by chemically and physically binding 7 

contaminants, limiting contamination exposure pathways. 8 

Alternative 3 would effectively control the source by eliminating soil in which contaminants 9 

exceed remedial objectives. Soil below remedial objectives will remain onsite. 10 

Alternatives 4, 5, and 6 would effectively control the source by removing contaminants that 11 

contribute to site risk from the soil. Soil below remedial objectives would remain onsite. 12 

Compliance with Waste Management Standards 13 

Alternative I, a low-permeability surface cap, would isolate contaminants in environmental media 14 

that exceed remedial objectives, but not manage solid or hazardous waste. Site grading would 15 

need to comply with federal, state, and local air emissions and storm water control regulations. 16 

Alternative 2 meets remedial objectives. 17 

18 

Alternative 3 also meets remedial objectives. Excavation activities onsite might reqUire 19 

compliance with federal, state, and local air emissions and storm water control regulations. 20 

Transportation and land disposal restrictions would be triggered when contaminated soil is 21 
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disposed of offsite. Although excavated soil is probably nonhazardous, it would be analyzed by 

TCLP for verification. 2 

Alternatives 4, 5, and 6 meet remedial objectives. Excavation activities onsite might require 3 

compliance with federal, state, and local air emissions and storm water control regulations. 4 

5 

For Alternative 6, transportation and land disposal restrictions would be triggered when treated 6 

soil is disposed of offsite. Although the treatment standard for SIS soil is a nonhazardous product, 7 

it would be analyzed by TCLP for verification. 8 

5.3.2 Secondary Criteria 9 

Five secondary criteria typically highlight the major differences between the alternatives: long- 10 

term reliability and effectiveness; reduction of toxicity, mobility, or volume; short-term 11 

effectiveness; implementability; and cost. 12 

Long-term Reliability and Effectiveness 13 

Alternative 1 would effectively reduce site worker contact with the contaminated soil. However, 14 

institutional controls and routine O&M would required to ensure that any exposure to human and 15 

environmental receptors is within protective levels. 16 

The effects of weathering (e.g., freeze-thaw cycles, acid precipitation, and wind erosion), 17 

groundwater infiltration, and physical disturbance associated with uncontrolled future land use on 18 

Alternative 2' s integrity are not certain. 19 

Alternative 3 would remove soil in which contaminant concentrations exceed remedial objectives. 20 

5-47 



Draft Zone A Combined SWMU 2 CMS Repon 
Charleston Naval Complex 

SectIOn 5 - Development and Evaluation of Alternatives 
Revision: 0 

Alternatives 4 and 5 would remove contaminants from soil where contaminant concentrations 

exceed remedial objectives_ 

Alternative 6 would remove and immobilize soil in which contaminant concentrations exceed 

remedial objectives. 

Alternative 1, capping, would not remove, treat, or remediate the contaminated soil; it provides 

2 

4 

5 

7 

containment only. The soil and combination covers are considered reversible since the 8 

contaminants exceeding remedial objectives remain onsite. Regular maintenance would be 9 

required to ensure continued cover integrity. 10 

Alternative 2, in situ solidification/stabilization reduces mobility effectively by immobilizing 11 

contaminants that contribute to site risk in the soil. 12 

Alternative 3, excavation and offsite disposal, would eliminate the contaminants that affect site 13 

remedial objectives. However, the waste's overall toxicity, mobility, and volume would not be 14 

reduced with this alternative since the contaminated soil would merely be transferred to another 15 

location (Subtitle CorD landfill). 16 

Alternatives 4 and 5 would remove the contaminants that affect site remedial objectives and reduce 17 

waste volume, but create waste streams requiring further treatment. 18 

Alternative 6, ex situ SIS, would remove and immobilize the contaminants that affect site remedial 19 

objectives. However, waste volume can increase as much as double. 20 
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All six alternatives would expose workers to contaminants, which could be effectively controlled 2 

using engineering controls and appropriate PPE during grading, capping, or excavating. 3 

Remediation would take from one to three months. 4 

Implementability 5 

A.1! six alternatives are implementable at Combined SWMU 2 and are teclLnjca!!y and 6 

administratively feasible. Services and materials required for all alternatives are available. 7 

Costs 8 

Capital (indirect and direct), O&M, and net present worth for all six alternatives are presented in 9 

Table 5.15. Alternatives range from $199,970 for excavation and offsite disposal at a Subtitle D 10 

landfill for the industrial reuse scenario to $1,663,950 for excavation and offsite disposal at a 11 

Subtitle C landfill for the residential reuse scenario. 12 

Table 5.15 
Soil Alternatives Cost Comparison 

Alternative Reuse Scenario 

. ·lalAw~eahilitY~il •...• ·lh't~liirial·.· •••.• 
Cap' .... . . . . ~$identlal 

1 bLow-permeability 
Concrete Cap 

2 In Situ S1abIlillati()llf 
Solidification.···· '. 

3a Excavation and Offsite 
Disposal (Subtitle D) 

3b Excavation IUld.Otfsite 
Di$p(lSIll (SubtltkQ < 

Industrial 

Residential 

·lrid\l$itial. . 
.' .Re~idetitiai·.·.· .. . 

Industrial 

Residential 

.hidlislrial 
. "Residentiai . 

Capital Costs Annual O&M Net Present Worth 

. . :"::·:$13i:(JO(i ., . 
: ", ~ : -:- : :". ~ ,: 

~;UiiO. . ....•..•..• <$214,600<' 
·$6.~l.·$3~t;t5S ... " . ·.···.$Z98;~SS····· ."' 

$7,000 

$7,000 

, .... ~~ .. 
$140,310 

$224,025 

mS,Q9S.· 

"""''''~;;':.'' •. ' .• · .• · •.. · .. · .. L;;.;J ..... . .. 7_~ .• •.· _~ 

$199,970 none 

$236,710 

$320,425 

.$ai~,~ 
··$944;~.i . 

$199,970 

$228,450 none $519,460 

$458,620 .'. ..~"'. .$318,W 
$1,663.9$0 ....•.•...• ·.· .• ·.lrone······ .' ·<$I.i~~,3$O· 
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Alternative 

4 Excavation and 
Treatment by Chemical 
Extraction 

5 . Excavation and 
Treatment by Soli 
Washing 

£ v __ V! .... C'~I:.I!t": __ ... : __ 1 
U £.0 .... .:3ILU .:JUIlUIlI\,;UUUlIl 

Stabilization 
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Table 5.15 
Soil Alternatives Cost Comparison 

Reuse Scenario Ca~ital Costs AnnualO&M Net Present Worth 

Industrial $1.159,940 none $1,159.940 

Residential $1,657,420 none $1,657,420 

Industrial $619.310· none. $619.310 

. Residential $914.520 mme $914.520 

T_-I •• _._:_I CI",,/\,j AOA none II"AI'lA ..Ion 
UIU~llldJ ..t\"'tV"t .... ou ~V't, ... ov 

Residential $1,022,180 none $1,022,180 

5.4 Summary and Ranking of Alternatives 

Per the Projects Team's request, each soil alternative was scored for each of the primary and 2 

secondary criteria based on the comparative analysis of alternatives in Section 5.3. For primary 3 

criteria the scoring methodology is presented as: 4 

• 
• 
• 

• 

o - criteria not met 

1 - criteria may be met 

2 - criteria met 

3 - criteria exceeded 

For secondary criteria, the scoring methodology is presented as: 

• n u -poor 

• 1 - below average 

• 2 - average 

• 3 - above average 
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The scores can be multiplied by a weighting factor to emphasize their importance. At this time. 

all criteria have been equally weighted. A comment is included to justify each score and 2 

summarize the comparative analysis discussed in Section 5.3. Finally. the scores for each criteria J 

are summed to develop an overall score for each alternative. which is used to rank the six remedial 4 

alternati ves and provide a tool for selecting the final site remedy. The results are summarized in 5 

Table 5.16. 6 

The reconunended final site remedy is discussed in Section 6. 7 

5-51 



• 

• 

Alternative 1 Description 
f--___ ---1f-----_--t __ . ________ LoW-permeabilitY Surface Cap 

RE!medial ObjEdive Description 
Residential Scenario - Lead in Soil 

< 401) mg/kg 
r--------r----~--.----

Comments 

Remedial Objective Description 
Industrial Scenario - Lead in Soil 

< 1300 mg/kg 

Comments Score~ Score 
xWF 

Alternative 2 Description 
In Situ Solidification/Stabilization 

Remedial Objective D4!scnption 
Residential Scenario - Lead in Soil 

< 400 mglkg 

Comments ScaTel Score 
xWF 

Remedial Objective Description 
Industrial Scenario - Lead in Soil 

< 1300 mg/kg 

Comments Score" Score 
xWF 

Table 5.16. Summary of EValuation of 5011 Alternatives 

Alternative 3 Description 
Excavation and Offsite Disposal at l.lndfili 

Alternative j~ Description 
IExcavation ,:tAd Treatmelrtt by Chemi<::al Extn 

------
Remedial Objective Description Remedial Objective Descl'iption 
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Of the six alternatives, Alternative 3, excavation to residential cieanup goals with offsite disposal, 2 

appears to be best. This alternative is easier to implement, provides as much or more long-term 3 

effectiveness than the other alternatives, and is generally more cost effective. 4 

Due to the Navy's desire for unrestricted future use of the property, Alternatives 1 and 2 - 5 

low-permeability surface cap and in situ SIS - and cleanup to industrial goals for the remaining 6 

alternatives are disqualified. All of these alternatives would result in residual contamination 7 

remaining on the property that exceeds residential cleanup goals and requires implementation of 8 

institutional controls restrictive of future property reuse. Alternatives 3 through 6 for residential 9 

cleanup goals all result in removal of contaminated soils from the site and allow unrestricted future 10 

use of the property. II 

.A..ltematives 4, 5, aIld 6, excavation wit.~ pretreatment prior to disposal, are less preferable than 12 

Alternative 3 because they involve a more complex treatment train, generate residual wastes that 13 

must be managed in addition to excavated soils, and incur similar or greater costs to implement. 14 

In addition to stockpiles of saturated soils that must be contained and de-watered prior to transport 15 

for disposal, soil washing and chemical extraction produce residual wastewater that must be treated 16 

prior to disposal. 17 
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7.1 General 
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2 

The following Public Involvement Plan (PIP) is included as part of this report in accordance with 3 

the EPA's guidance on RCRA CMS. This PIP reflects and summarizes information prepared and 4 

presented in the Navy's Community Relations Plan (CRP), prepared for Naval Base Charleston 5 

in 1995. 6 

Under RCRA, there is no required interaction with the community during the Corrective Measures 7 

Study process. Public input is required to be solicited only at the beginning of the permitting 8 

process, or during certain permit modifications. Therefore, the Navy has outlined a voluntary 9 

program of informing local communities throughout the entire RCRA Corrective Action process. to 

Activities are detailed in the 1995 CRP for the Naval Base Charleston. 11 

However, because the CMS process results in a modification to the facility's RCRA permit, 12 

certain provisions are made to solicit the public's input on the preferred alternative (as the reason I3 

for the modification). The requirements are identical to those required for a draft permit. 14 

Two primary objectives are stated in the CRP: 15 

• To initiate and sustain community involvement. 16 

• To provide a mechanism for communicating to the public 17 

7.2 RFI Public Involvement Plan 18 

To achieve these objectives, the CRP identifies public involvement and outreach activities at each 19 

step of the Corrective Action process. For example, the following activities have been designated 20 

for the completion of the RFI. All have been accomplished. 21 
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• Update and publicize the information repository. 
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• Continue to publicize the point of contact. 2 

• Update the mailing list. 3 

• Distribute fact sheets and/or write articles to explain RFI fmdings. 4 

• Inform community leaders of the completion and results of the RFl. 5 

• Update and continue to provide, whenever possible, presentations for informal community 6 

groups. 7 

• Update the community on results of the RFI through public Restoration Advisory Board 8 

meetings. 9 

10 

7.3 CMS Public Involvement Plan 11 

During the Corrective Measures Study, the following activities will be carried out as part of the 12 

Navy's current and ongoing community involvement program. 13 

• Distribute a fact sheet and/or write articles for publication that report eMS 14 

recommendations . 15 

• Continue to update the mailing list. 16 

• Continue to respond to requests for speaking engagements. 17 
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• Update the community on CMS status through public Restoration Advisory Board 

meetings. 

7.4 Statement of Basis Public Involvement Plan 

2 

3 

Upon completion of the Corrective Measures Study, when the preferred alternative has been 4 

proposed, the following activities are required if a modification to the RCRA permit is required. 5 

If a permit modification is not necessary, the Navy may choose to implement all, some, or none 6 

of the following actions, depending on the level of public interest or concern: 7 

8 

• A Statement of Basis will be prepared, explaining the proposed remedy and the method by 9 

which it was chosen. 10 

11 

• A 45-day comment period will be provided to allow community members the opportunity 12 

to review and comment on the preferred alternative. The comment period may be as short 13 

as 30 days in cases where no permit modification is necessary, but a public comment 14 

period is warranted. 15 

16 

• Availability of the comment period and Statement of Basis will be announced in a public 17 

notice. 18 

19 

• The community will be provided an update on the proposed remedy through the informal 20 

and publicized Restoration Advisory Board meetings. 

In addition, the following activities will be carried out, as identified in the CRP: 

• 
• 

Update and publicize the information repository. 

Publicize the environmental point of contact. 
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• Continue to update the mailing list. 

7.5 Restoration Advisory Board 
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2 

J 

The RAB is a key component of this community outreach program. It is through the RAB that 4 

the Navy has a regular, scheduled, and publicized forum for interfacing with community members 5 

on the progress of the environmental program, including CMS. In addition, RAB members are 6 

key instruments in measuring community interest in specific issues and knowledge of them. A 7 

Community Relations Subcommittee to the RAB has been tasked with identifying issues and 8 

information to be addressed by the Navy. 9 
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1.0 INTRODUCTION 
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Zone A, S\l,,~YfU 38 at L~e Charleston }~aval Complex (C~,JC) was designated for a Corrective 2 

Measures Study (CMS) based on the presence of pesticides in soil from past application practices. 3 

An interim stabilization measures (ISM) was implemented by the Environmental Detaclunent 4 

Charleston (DET), Charleston, South Carolina, to remove pesticide contaminated soil. 5 

As a result of the DET ISM and supplemental CMS sampling, this CMS Report does not include 6 

the evaluation of additional corrective measures at SWMU 38. This CMS addresses the DET ISM 7 

results and supplemental CMS sampling results in terms of a final site remedy, Because the 8 

pesticide contaminated soil at this site was removed by the ISM, technology screening and 9 

alternative evaluations (Sections 4.0 and 5.0) are not addressed in their entirety. However, at the 10 

request of SCDHEC, the statement of basis (SOB) will be completed for SWMU 38 following 11 

approval of this report. 12 
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2.1 General 
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2 

SWMU 38 is located north of Building 1605, near the northern boundary of the former naval base 3 

and just south of the Hess Oil, Inc" tank farm adjacent to this boundary. The site is immediately 4 

east of SWMU 39, and northwest of SWMU 2. Figure 2.1 shows site features as well as 5 

RCRA Facility Investigation (RFI) soil boring and monitoring well locations. 6 

For approximately 50 years, SWMU 38 and the surrounding area were used as a storage yard 7 

associated with Buildings 1604 and 1605. Although originally used by the Supply Department, and 8 

before base closure in 1996, the Defense Reutilization Marketing Office (DRMO) used the 9 

SWMU 38 area to store empty drums and miscellaneous ship- and shore-based naval equipment 10 

and supplies. Most recently, the SWMU 38 area was used to store wooden pallets, automobiles, II 

and boats. Routine pesticide applications prior to 1970 were reported to include DDT-based 12 

pesticides to treat areas likely to pond during rain. 13 

The site is currently used by Carolina Marine Handling for storage of miscellaneous items. This 14 

reuse tenant occupies Building 1605, as well as other buildings in the immediate area and 15 

throughout the former naval base. According to the Naval Complex Redevelopment Authority, 16 

the site could be redeveloped for residential or industrial purposes. 17 

2.2 Interim Stabilization Measures 18 

The DET performed two ISM phases to remove contaminated soil in the area where pesticides 19 

were applied. The DET's Completion Report (Interim Measure for SWMU 38, Naval Base 20 

Charleston, Charleston, South Carolina, October 29, 1998) has been submitted to SCDHEC. A 21 

summary of each excavation follows. 22 
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In April 1997, the DET excavated and disposed of two areas of pesticide- and polychlorinated 2 

biphenyls (pCB)-contaminated soil near RFI sample locations 038SBOOI and 038SBOO3. Each 3 

excavation was 6 feet by 6 feet by 4 feet. According to the DET's Completion Repon, excavated 4 

soil was characterized as hazardous U -listed waste and disposed at a certified Subtitle C landfill. 5 

Confirmation samples collected after the excavation reflected the continued presence of pesticides 6 

in an area approximately 120 feet by 25 feet and approximately 3 to 4 feet deep. SCDHEC agreed 7 

that the soil was contaminated from pesticide application and therefore should not be considered 8 

a hazardous waste. A site-specific risk evaluation was conducted and residential risk-based 9 

cleanup goals were established for the pesticide constituents at 6.5 milligrams per kilogram 10 

(mg/kg) for DDT and DDE and 9.2 lug/kg for DDD. The DET's IStvf work plan for the ii 

excavation was amended to include these goals and to excavate the 120 foot by 25 foot area to a 12 

depth of 4 to 5 feet. 13 

2.2.2 Final Excavation 14 

The work plan was approved by SCDHEC and the 120 foot by 25 foot area was excavated in 15 

August 1998, resulting in the removal of 519 cubic yards (yd3
) from the two excavations. Because 16 

groundwater was encountered. excavation was discontinued and, with SCDHEC approval in the 17 

October, 1998 Project Team Meeting. the site was backfilled and perimeter samples were collected 18 

and analyzed. The backfill was compacted. covered with gravel, and graded. Confirmatory 19 

sample results from the excavated area. as well as the area around the perimeter. are presented in 20 

Section 2.3.1. Most of the excavated soil, 503 yd1
• was disposed of at a Subtitle D Landfill. The 21 

other 16 yd3 were classified as hazardous and disposed of at a Subtitle C Landfill. 22 
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Based on confmnation sample results, the SWMU 38 excavation was successful in removing the 2 

dominant residential risk contributors at this site, However, the results from one confirmation 3 

sample (DET 37) exceeded the DDT residential risk-based remedial goal (6.5 mg/kg). This 4 

sample was from the surface of the north side of the excavated area next to the fence line 5 

separating SWMU 38 from the Hess Oil property. The residential point risk associated with the 6 

DDT concentration at L~is point (50.9 mg/kg) is 3.9E-05 and Ll-te industrial POL'1! risk is 8.7E-06. 7 

The residential site risk calculated with the 95 % UCL using confmnation and perimeter samples 8 

(30mg/kg) is 2 .5E-05. 9 

Additional excavation to achieve a residential risk below IE-06 was not attempted since 10 

groundwater was encountered and the excavation was at the fence line. During the October 1998 II 

Project Team Meeting, SCDHEC agreed with backfilling the excavated site. Since the residential 12 

site risk is within the USEPA acceptable range of IE-06 to IE-04 and the residual contamination 13 

is representative of routine pesticide applications rather than a spill or release, additional 14 

excavation is not warranted. 15 

2.3 RFIICMS Sampling Results 16 

During the RFI, soil was sampled to define the nature and extent of pesticide contamination and 17 

to evaluate the potential for petroleum-based groundwater contaminant plume migration from the 18 

Hess Oil, Inc., tank farm. In addition. confirmation sampling was conducted after each ISM. 19 

Results of RFI sampling reported III the Zone A RFJ Report (EnSafe, 1998) and confirmation 20 

surface soil sampling as reported in the DEI's Completion Repon (U.S. Navy, 1998) are 21 

summarized below. 22 
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Three rounds of soil sampling were conducted during the RFI. The fITst and second rounds 2 

consisted of 10 upper-interval samples (0' to 1') and nine lower-interval samples (3' to 5'). The 3 

six first round samples were analyzed for volatile organic compounds (VOCs), semi-volatile 4 

organic compounds (SVOCs), pesticides, PCBs, total petroleum hydrocarbons (TPH) , and metals. 5 

Second-round samples were analyzed for pesticides and PCBs. Based on the presence of 6 

Arochlor-1260 in samples from locations 038SBOO6 and 038SBOO7 , a third round of sampling was 7 

conducted, including the collection of four additional samples analyzed for pesticides and PCBs. 8 

Figures 2.2 through 2.6 and Table 2.1 show the RFI sampling results for SWMU 38. 9 

As previously stated, the DET in3plemented two interin3 measures at SWMU 38 removing a total 10 

of 519 cubic yards of pesticide-contaminated soil. At the end of the second interin3 measure, the 11 

DET collected confirmation and perimeter samples in the excavation area. Except for a 12 

single surface sample (DET 37). concentrations were below the residential risk-based goals. 13 

Therefore, the site was backfilled. compacted. covered with gravel, and graded to existing 14 

conditions. 15 

2.3.2 Groundwater 16 

During the RFI. three monitoring wells (two shallow and one deep), were installed to evaluate 17 

SWMU 38 groundwater (Figure 2.1). In addition, well NBCA-002-004 (SWMU 2) was used 18 

during this evaluation due to its location near SWMU 38. The first-round samples collected from 19 

these wells were analyzed for VOCs, SVOCs, metals, pesticides, PCBs, and TPH. In addition, 20 

the deep well was sampled for chlorides, sulfate, and TDS. Based on the results of the first-round 21 

samples, the second-round samples were analyzed for metals, pesticides, and PCBs. The third- 22 

and fourth-round samples were analyzed for metals, pesticides, PCBs, TDS, chlorides, and sulfate. 23 

Groundwater sampling results are presented in Table 2.2. 24 
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Sample Number 

RBC or 
Remedial Goal 

Background 

038-S·BOOl 

038-S-8002 

038-C-BOO2 

038-S-8003 

03S-S-BOO4 

038-S-8005 

O:!8-S;B006 

038-C-8006 

038-S-8008 

4,4'-DDD 4,4'-DDE 4,4'-DDT 
(Jig/kg) (Jig/kg) (Jig/kg) 

9200' 6500' 6500' 

NA NA NA 

Table 2.1 

Draft Zone A, SWMU 38 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2' SWMU 38 Site Description 
Revision: 0 

Surface Soil Data for COCs at SWMU 38 

Diesel Range Gasoline Range 
Aroclor-1260 Arsenic Aluminum Beryllium Organics Organics 

(Jig/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mglkg) 

320" 0.43" 78,000" 160" NA NA 

NA 9.44 12,800 NA NA NA 

This boring location was excavated during rnterim Stabilization Measures by the Navy Detachment Charle$ton 

1.6 J 8.2 ND ND 21.5 7810 ND ND ND 

ND ND 9.2 ND 14 10800 NO ND Nt) 

This boring location was excavated during Interim Stabilization Measures by the Navy Detachment Charieston 
. . , , .. :,",,:.:., ... : . 

NO NO ND ND . :tH· 16600 NO Nt; '·']o¥fi;· 

NO ND ND ND 7,8 13200 ND ND ND 
.. , ..... 

S9 nOD. . 31(1 D soo lS.6 8440 ND ND ' '»II:!" 
18 J I.1J 48 J ND 11.1 8600 ND ND ND 

so OJ 170 DJ 17m 410 J 1118 N5 1118 1115 NS 
ND 6.8 J 21 J ND NS NS NS NS NS 
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4,4'-DDD 4,4'-DDE 4,4'-DDT 
Sample Number &;g/kg) &;g/kg) &;g/kg) 

RBCor 
Remedial Goal 9200' 6500' 6500' 

Background NA NA NA 

Q38-S-BOO9 ND NO ND 

038-5-8010 44 J 57 OJ 460 J 

038-C-BQ I 0 63 D1 3901 450D 

038-S-8011 210 D 530 D 1400 D 

{}38-S.0012 190 D1 170 D 800 P 

038-S-8013 ND 12 54 

{)3~.B014 290 D 580D 1109D 

DET12 2 12.7 ND 

DETl4 as ND 619 

DET16 ND 33.1 J 57.3 J 

Table 2.1 

Draft Zone A, SWMU 38 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2.' SWMU 38 Site Description 
Revision: 0 

Surface Soil Data for COCs at SWMU 38 

Diesel Range Gasoline R"nge 
Aroclor-1260 Arsenic Aluminum Beryllium Organics Organics 

&;g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

320' 0.43' 78,000' 160' NA NA 

NA 9.44 12,800 NA NA NA 

NO NS NS NS NS NS<. 
ND NS NS NS NS NS 

ND NS lIIs NS 
" 

NS' . <'!is ':";:::""." 

720 NS NS NS NS NS 

1300 lIIS. NS 'lIIS NS< .····••· ••• NS)··· 
18 NS NS NS N5 NS 

79D loiS .. ,,' ' ... NS NS. ···.Ny .. . '. ' .......... ~~\: 
" , . , ... ' 

NS NS NS NS NS NS 

NS NS NS NS Nfl NS 
NS NS NS NS NS NS 
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Revision: 0 

Table 2.11 
Surface Soil Oata for COiCs at SWMU 38 

Oiesel Range Gasoline Rlmge 
4,,4'-000 4,4'-00E 4,4'-ODT Aroclor-1260 Arsenic Aluminum Beryllium Organics Organics 

Sample Number IJig/kg) (ug/kg) (ug/kg) (ug/kl:) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

RBC or 
Remedial Goal 9200' 6500' 6500' 320" 0.43" 78,000" 160' NA NA 

Background NA NA NA NA 9.44 12,800 NA NA NA 

DEn 8 ND ND ND 1'<5 NS NS NS NS NS 

DET20 ND NO NO NS NS NS NS NS NS 

DErn 134 NO ND NS NS NS NS .·NS ' , ... .'N.lk:· , ." . 

DET24 ND ND ND NS NS NS NS NS NS 

OET26 ND NO ND NS NS NS NS ". NS' .. ,.~~, 

DET2S 7630 305 J 170 J NS NS NS NS NS NS 

DB1'33 99.91 . S4Q. .31~ NS ·NS NS NS NS . 'i~s: .':;: ... ::.: .' 

DET34 13J 63.9 46 NS NS NS NS NS NS 

OEm 66.{j 123 338 NS NS !-is NS. NS. ·········,··.·, .. NS 
DET36 193 523 713 NS NS NS NS NS NS 
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Table 2.1 

Draft Zone A. SWMU 38 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2: SWMU 38 Site Description 
Revisian: 0 

Surface Soil Data for COCs at SWMU 38 

4,4'-DDD 4,4'-DDE 4,4'-DDT 
Sample Number (Jig/kg) (Jig/kg) (Jig/kg) 

ROC or 
Remedial Goal 

Background 

DET37 

DET38 

DET43 

Notes: 
NA 
ND 
NS 
D 
1 
OJ 
a 
b 
I"g/kg 
mg/kg 

9200' 

NA 

8040 

47.9 

0.679 J 

Not Applicable 
Not Detected 
Sample Not Analyzed 
Diluted Result 
Estimated Value 

6500' 

NA 

58801 

115 

4_23 

Diluted Result/Estimated Value 

6500' 

NA 

50900 

250 

2_9 

Risk-based remedial goal developed during the ISM 
ROC 
micrograms per kilogram 
milligrams per kilogram 

Aroclor-1260 
(Jig/kg) 

320" 

NA 

NS 

NS 

NS 

Diesel Range Gasoline R:mge 
Arsenic Aluminum Beryllium Organics Organics 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

0.43" 78,000" 160" NA NA 

9.44 12,800 NA NA NA 

NS NS NS !itS NS"· 
NS NS NS NS NS 

.. 

NS. NS NS . NS :l'i~ 
~ 
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Sample Number 

MCL 

Risk Based 
Screening Level 

Background 

038-G-WOOI-Ol 

038-G-WooI-02 

03ll..o,WOOH),1 

038-G-WOO 1-04 

038..o-WOO2-01 

038-G-WOO2-02 

038..0-WOO2-03 

038-G-WOO2-04 

038·0· WOO2·Cl 

038·G· WOO3-C I 

038·0· WOlD-OJ 

038·G· WO 10-02 

038·0· WOlD·03 

038-G-WOIO-04 

038·0· W010-C1 

oo2-G-WOO4-O 1 

002-G-WOO4'{)2 

oo2-G-WOO4-03 

002..o·WOO4-04 

oo2-G-WOO4-CI 

Note_c 

Date 

1111/91 

4/22/96 

6/J9/96 

10/9196 

12fif9S 

4/22/96 

61191% 

10/9/96 

1'18199 

10/19/98 

4/23/96 

6/19196 

10/8/96 

~/18199 

11115/93 

4/23/96 

7/8/96 

l(}[4196 

10/15/98 

NA NO! Apphcable 
ND Not Detec[ed 
NS Sample nOl analyzed 
D Diluted Result 
J Estimated Value Table 2.2 
t,ig/L micrograms per liter 

Draft Zone A. SWMU 38 Corrective Measures Study Report 
Charleston Naval Complex 

Section 2: SWMU 38 Site Description 
Revision: 0 

Table 2.2 
Groundwater Data for COCo at SWMU 38 

4,4'-DDD 
v.g/L) 

0.28 

NA 

3.80 

40 

2.9 

3.18 

ND 

NO 

ND 

NO 

NO 

NO 

NO 

ND 

ND 

ND 

NO 

NS 

NO 

NS 

NS 

ND 

4,4'-DDE 
v.g/L) 

0.2 

NA 

1)'()41 r .. 

0.0921 

ND 

NO 

ND 
NO 

NO 

ND 

NO 

NO 

NO 

ND 

NO 

ND 

ND 

NS 

ND 

NS 

NS 

ND 

2-15 

4,4'-DDT 
v.glL) 

0.2 

NA 

Arsenic 
v.g/L) 

50 

0.045 

7.4 

1.51 ..... ·61 

2.6 ND 

0.23 ·i2.5 

NO 14.9 

ND .. < ...... :. ND 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NS 

ND 

NS 

NS 

ND 

NO 

.3.11 

NO 

. NS 

2.61 

)Ilp 

NO 

: ·.··Nu 
NO 

. ·NS 

NO 

NO 

4.61 

Hl.'3J 

71 

Thallium 
v.g/L) 

2 

0.26 

ND 

.,ND 

NO 

·NP 
NO 

:A1 

NO 

ND 

NO 

NS 

NO 

NO 

NO 

NO 

NS 

NO 

ND 

NO 

NO 
NS 
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Arsenic, thallium, DOD, DOE, and DDT exceeded screening levels and were identified as 

chemicals of concern (COCs) for SWMU 38 groundwater. Although concerns regarding fate and 2 

transport of selenium and antimony were addressed in SCDHEC's conditional approval of the 3 

Zone A RFI Report, theses constituents were not detected in SWMU 38 groundwater samples. 4 

Arsenic did not exceed its MCL of 50 ,ug/L and thallium had one detection above its MCL 5 

(2,ug/L). This detection was in the first round sample from well 038GW002 (4,ug/L). The three 6 

samples taken from that well after t.he first round were nondetect for thallium. Therefore, 7 

antimony, selenium, and thallium will not be further addressed in the CMS. 8 

During the CMS, additional groundwater samples were collected and analyzed for DOD, DOE, 9 

and DDT. Since shallow monitoring well NBCA-038-001 was destroyed during the interim 10 

measures, a new well, NBCA-038-003 (Figure 2.1), was installed and sampled for inorganics, II 

pesticides, and PCBs. The replacement well was nondetect for pesticides and PCBs and the 12 

detected arsenic concentration (2.6 ,ug/L) is well below the MCL (50 ,ug/L). The CMS sampling 13 

results are presented in Table 2.2. In addition to the replacement well results, these data show that 14 

shallow monitoring wells 038-002 and 002-004 and deep well 038-010 did not reflect the presence 15 

of DOD, DOE, or DDT. Therefore, arsenic, DOD, DOE, and DDT will not be further addressed 16 

in the CMS. 17 

2.3.3 Sediment 18 

Sediment has not been sampled at SWMU 38. 19 

2.3.4 Surface Water 20 

Surface water has not been sampled at SWMU 38. 21 
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3.0 REMEDIAL OBJECTIVES 

3.1 Soil Remedial Objectives 

Draft Zone A. SWMU 38 Corrective Measures Study Report 
Charleston Naval Complex 

Section 3: Remedial Objectives 
Revision: 0 

2 

Soil remedial objectives were first developed during the RFI. However, after the initial 3 

DET ISM excavation, remedial goal options (RGOs) were re-established for DDD, DDE, and 4 

DDT based on risk calculations EnSafe conducted. The remedial goal for DDE and DDT is 5 

6.5 mg/kg; for DDD it is 9.2 mg/kg. 6 

In addition to the pesticides, the following were also identified as COCs during the RFI: 7 

aluminum, arsenic, Aroclor-1260, beryllium, and TPH These constituents were identified as 8 

COCs because they exceeded at least one RFI screening criterion, including regulatory , risk-based, 9 

or background values. 10 

Aluminum exceeded its risk-based concentration (RBC) and background reference concentration II 

in two of six RFI upper-interval samples (038SBOO4 and 038SB005). In the sample from 12 

038SBOO4, it was detected at 16,600 mg/kg, which is 30% higher than the background reference 13 

concentration (12,800 mg/kg). In the sample from 038SB005, aluminum was detected at 14 

13,200 mg/kg, or 3 % higher than background. The magnitude of these concentrations relative 15 

to background and the apparent random distribution of detections does not reflect evidence of a 16 

spill or other point release. Therefore. aluminum will not be further addressed during the CMS. 17 

Aroclor-1260 exceeded its residential RBC (0.32 mg/kg) in four of 14 RFI upper-interval samples. 18 

However. the IE-OS residential RGO (2.2 mg/kg) was not exceeded. The highest concentration 19 

detected, 1.3 mg/kg at 038SBOI2, reflects a point risk of 5.9E-06. Since these detections are 20 

within the USEPA acceptable residential risk range (lE-06 10 lE-04); Aroc!or-1260 wi!! not be 2! 

further addressed in the CMS. 22 
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Arsenic exceeded its background reference concentration (9.4 mg/kg) in tbree of 

four upper-interval soil samples. The maximum calculated residential point risk above background 2 

for arsenic is 2. IE-OS at 038SBOO2. Since arsenic does not contribute to residential point risk 3 

outside of the acceptable range (IE-06 to lE-04) and its concentration relative to background is 4 

not indicative of a spill or other release, it will not be further addressed during the CMS. 5 

BeryUhnn was identified as a CDC before USEPA released L~e new RBC (160 mg/kg). This 6 

RBC was not exceeded and beryllium will not be further addressed during the CMS. 7 

While TPH was identified as a COC, sample results were nondetect for gasoline and diesel range 8 

organics. Therefore, TPH will not be further addressed during the CMS. 9 

3,2 Groundwater Remedial Objectives 10 

Although pesticides were identified as COCs during the RFI based on detections in abandoned well 11 

038-001, DDD, DDE, and DDT were not detected in the replacement well and surrounding 12 

wells. Based on the absence of DDD, DDE, and DDT detections in groundwater samples, 13 

remedial objectives for these constituents are not warranted. Therefore, remedial objectives will 14 

not be developed for pesticides. 15 

In addition to the pesticides, arsenic and thallium were identified as COCs during the RFI because 16 

they exceeded at least one RFI screening criterion, including regulatory, risk-based, or background 17 

values. 18 

Arsenic did not exceed its maximum contaminant level (MCL) in groundwater samples. 19 

Therefore, arsenic in groundwater will not be further addressed during the CMS. 20 
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Thallium was detected in one fIrst-round sample (NBCA-038-GW-002) at a concentration 

exceeding its MCL of 2 ,Ug/L. Since the detection (4 ,Ug/L) was followed by three sample rounds 2 

in which thallium was nondetect, it will not be further addressed in the CMS. 3 
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4.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

4.1 Soil Remedial Technologies 2 

Identification and screening of soil remedial technologies is not warranted for this eMS based on 3 

the post-ISM confirmation sample results and residential point risk values within the acceptable 4 

USEPA range (lE-06 to lE-04). 5 

4.2 Groundwater Remedial Tecl1~ ... ologics 6 

Identification and screening of remedial technologies for SWMU 38 groundwater is not warranted 7 

for this eMS because arsenic was not detected above its MeL (50 /-lg/L) and DDD, DDE, and 8 

DDT were not detected in the existing tbree SWMU 38 wells and the nearby SWMU 2 well. 9 
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Revision: 0 

5.0 DETAILED EVALUATION OF ALTERNATIVES 

5.1 Evaluation of Soil Remedial Alternatives 2 

Detailed evaluation of soil remedial alternatives is not warranted for this eMS based on the 3 

post-ISM confirmation sample results and residential point risk values within the acceptable 4 

USEPA range (lE-06 to lE-04). 5 

5.2 Evaiuation of Groundwater Remediai Aiternatives 6 

Detailed evaluation of groundwater remedial alternatives is not warranted for this eMS because 7 

arsenic was not detected above its MeL (50 ,ugfL) and DDD, DDE, and DDT were not detected 8 

in the existing three SWMU 38 wells and the nearby SWMU 2 well. 9 
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6.0 RECOMMENDATIONS 

6.1 Soil Reconunendations 

Draft Zone A, SWMU 38 Corrective Measures Study Report 
Charleston Naval Complex 

SectIOn 6: Recommendations 
Revision: 0 

2 

SWMU 38 soil is recommended for no further corrective action under the RCRA process based 3 

on the post-ISM confirmation sample results and residential point risk values within the acceptable 4 

USEPA range (lE-06 to lE-04). 5 

6.2 Groundwater Recommendations 6 

Groundwater is recommended for no further corrective action under RCRA because arsenic was 7 

not detected above its MCL (50 /-lg/L) and DDD, DDE, and DDT were not detected in the existing 8 

three SWMU 38 wells and the nearby SWMU 2 well. 9 
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7.1 General 2 

The following Public Involvement Plan (PIP) is included as part of this report in accordance with 3 

the USEP A's guidance on RCRA CMS. This PIP reflects and summarizes information prepared 4 

and presented in the Navy's Community Relations Plan (CRP) , prepared for Naval Base 5 

Charleston in 1995. 6 

Under RCRA, there is no required interaction with the community during the Corrective Measures 7 

Study process. Public input is required to be solicited only at the beginning of the permitting 8 

process, or during certain permit modifications. Therefore, the Navy has outlined a voluntary 9 

program of informing local communities throughout the entire RCRA Corrective Action process. IO 

Activities are detailed in the 1995 CRP for the Naval Base Charleston. 11 

However, because the CMS process results in a modification to the facility's RCRA permit, 12 

certain provisions are made to solicit the public's input on the preferred alternative (as the reason 13 

for the modification). The requirements are identical to those required for a draft permit. 14 

Two primary objectives are stated in the CRP: 15 

• To initiate and sustain community involvement. 16 

• To provide a mechanism for conununicating to the public . 17 

7.2 RFI Public Involvement Plan 18 

To achieve these objectives, the CRP identifies public involvement and outreach activities at each 19 

step of the Corrective Action process. For example, the following activities have been designated 20 

for the completion of the RFI. All have been accomplished. 21 
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• Update and publicize the infonnation repository. 

• Continue to publicize the point of contact. 

• Update the mailing list. 

~ Distribute fact sheets and/or write articles to explain RFI fmdings. 

2 

3 

• Infonn community leaders of the completion and results of the RFI. 5 

• Update and continue to provide, whenever possible, presentations for infonnal community 6 

groups. 7 

• Update the community on results of the RFI through public Restoration Advisory Board 8 

meetings. 9 

10 

7.3 CMS Public Involvement Plan 11 

During the Corrective Measures Study, the following activities will be carried out as part of the 12 

Navy's current and ongoing community involvement program. 13 

• Distribute a fact sheet and/or write articles for publication that report 14 

eMS recommendations. 15 

• Continue to update the mailing list. 16 

• Continue to respond to requests for speaking engagements. 17 

• Update the community on CMS status through public Restoration Advisory Board meetings. 18 
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7.4 Statement of Basis Public Involvement Plan 

Upon completion of the Corrective Measures Study, when the preferred alternative has been 2 

proposed, the following activities are required if a modification to the RCRA permit is required. 3 

If a permit modification is not necessary, the Navy may choose to implement all, some, or none 4 

of the following actions, depending on the level of public interest or concern: 5 

• A Statement of Basis will be prepared, explaining the proposed remedy and the method by 6 

which it was chosen. 7 

8 

• A 45-day comment period will be provided to allow community members the opportunity 9 

to review and comment on the preferred alternative. The comment period may be as short 10 

as 30 days in cases where no permit modification is necessary, but a public comment period II 

is warranted. 12 

13 

• Availability of the comment period and Statement of Basis will be announced in a public 14 

notice. 15 

16 

• The community will be provided an update on the proposed remedy through the informal and 17 

publicized Restoration Advisory Board meetings. 

In addition, the following activities will be carried out, as identified in the CRP: 

• 
• 

• 

Update and publicize the information repository. 

Publicize the environmental point of contact. 

Continue to update the mailing list. 
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The RAB is a key component of this community outreach program. It is through the RAB that 2 

the Navy has a regular, scheduled, and publicized forum for interfacing with community members 3 

on the progress of the environmental program, including CMS. In addition, RAB members are 4 

key instruments in measuring community interest in specific issues and knowledge of them. A 5 

Community Relations Subcommittee to the RAB has been tasked with identifying issues and 6 

information to be addressed by the Navy. i 
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Condition I.E. of the Hazardous and Solid Waste }\ ..... TIlend..'11ents (HSW,A) portion of t..lJ.e 2 

RCRA Part B Permit (USEP A SCO 170 022 560) states: All applications, reports, or information 3 

submitted to tbe Regional Administrator shall be signed and certified in accordance witb 4 

Section 40 CFR 270.11. The certification reads as follows: 5 

I certify under penalty of law thai this dOCUflleni and all attachnlents were prepared under ;ny 6 

direction or supervision in accordance with a system designed to assure that qualified personnel 7 

properly gather and evaluate the information submitted. Based on my inquiry of the person or 8 

persons who manage the system. or those persons directly responsible for gathering the 9 

information. the information is, to the best of my knowledge and belief, true, accurate, and 10 

complete. I am aware that there are significant penalties for submitting false information, [[ 

including the possibility of fines and imprisonment for knowing violations. [2 

Date [3 

[4 

Caretaker Site Office, Charleston [5 
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